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PEDIATRIC 
OTOLARYNGOLOGIST 
FELLOWSHIP 


The University of Tennessee Health Science 
Center Department of Otolaryngology—Head 
and Neck Surgery is offering a l- or 2-year 
pediatric otolaryngology fellowship. 


PEDIATRIC OTOLARYNGOLOGY 
RESIDENCY PROGRAM 


Fellowship 
July 1, 2004 - June 30, 2006 


University Health Center of 
Pittsburgh Program 
Children's Hospital of Pittsburgh 


Pittsburgh, PA 


Accredited by the Residency Review 
Comniittee Accreditation Council for s 
Graduate Medical Education 


The program has three full-time pediatric fac- 
ulty members and is affiliated with Le Bonheur 
Children's Medical Center. Funded research 
opportunities are available. 

Direct inquiries to: 
Margaretha L. Casselbrant, MD, PhD 
Department of Pediatric Otolaryngology 
Children's Hospital of Pittsburgh 
3705 Fifth Avenue 
Pittsburgh, PA 15213 
(412) 692-8577 
e-mail: pamela.wilson@chp.edu. 


Please send cover letter, curriculum vitae, 
and three letters of recommendation to: 
Dr J. W. Thompson, Chair 
Department of Otolaryngology-HNS 
The University of Tennessee 
Health Science Center 
956 Court Avenue, Room B224 
Memphis, TN 38163 


The University of Tennessee is an EEO/AA/Title IX/Section 504/ADA/ 
ADEA employer. 


An Equal Opportunity/Affirmative Action Employer. 
Qualified minority and female applicants are encouraged to apply. 
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FELLOWSHIP IN LARYNGOLOGY, 
PHONOSURGERY AND VOICE DISORDERS 


HARVARD MEDICAL SCHOOL 


The Department of Otology and Laryngology is seeking applicants for a one-year clinical fellowship in 
laryngology, phonosurgery, and management of the professional voice, to start July 1, 2004. The curric- 

ulum will provide a wide range of experiences, including phonomicrosurgery (cold instruments and la- 

sers), laryngeal framework surgery, laryngeal electromyography, and the use of botulinum toxin injec- 

tions for spasmodic dysphonia. The fellow will participate in the management of voice disorders as a < 
member of a multidisciplinary team in state-of-the-art voice laboratory facilities. The curriculum is de- 
signed so that upon completion, the fellow will have sufficient background to establish an independent 
voice disorders program at his or her home institution. There are numerous other clinical and basic science 
research opportunities available, as well as the option of working collaboratively with local music con- 
servatories. Certification by the American Board of Otolaryngology or Board-eligibility is a prerequisite. 
Qualified minority and female candidates are encouraged to apply. 


Direct inquiries to: 


Steven M. Zeitels, MD 
Director, Division of Laryngology 
Massachusetts Eye and Ear Infirmary 
243 Charles Street 
Boston, MA 02114 
Phone: (617) 573-3557, Fax: (617) 573-3068 






















CALL FOR ABSTRACTS 
for the 
$3RD ANNUAL MEETING 
of the 
AMERICAN BRONCHO- 
ESOPHAGOLOGICAL 
ASSOCIATION 


May 12-13, 2003 
Nashville, Tennessee 
(Abstracts due October 15, 2002) 


ABEA ABSTRACT FORM 
AVAILABLE ON-LINE at 
www.abea.net 


Submit abstracts on-line or send to: 


Michael A. Rothschild, MD 
Program Chairman, ABEA 
Dept of Otolaryngology, Mount Sinai Medical Center 
PO Box 1189 
| Gustave L Levy Place 
New York, NY 10029 


AMERICAN SOCIETY OF 
PEDIATRIC OTOLARYNGOLOG Y 


2003 
CALL FOR PAPERS 


ANNUAL MEETING AT COSM 
MAY 4-5, 2003 
OPRYLAND HOTEL 
NASHVILLE, TENNESSEE 
MARGARET KENNA, MD, PRESIDENT 


ABSTRACT DEADLINE: OCTOBER 15, 2002 


ALL ABSTRACTS MUST BE 
SUBMITTED ON-LINE 
HTTP://WWW.ASPO.US/ 


No papers will be accepted by mail or fax. The 
abstract form and disclosure form are available on 
our new web site at www.aspo.us/ (old website at 
www.entnet.org/aspo will take you to new site as 
well). Once at the site, open up the Annual Meeting 
link and scroll down to the Abstracts section. The 
abstract and disclosure forms must be completely 
filled out by the submitting author, including provid- 
ing the necessary information on all co- authors, in 
order for the abstract to be reviewed. Program Chair- 
man is Seth Pransky, MD (spransky@chsd.org). 


A196 








Ww 
i 
ql 
0 
r 
Te 
i 












The Seiler SSI-102 Series 
Surgical Microscope allows 
you to see more and provide 
better treatment to your 
patients. 


FEATURES: 

P Locked-in, Wide Field Eyepieces 

» Metal halide light source, 12V 21W, 
750 hour lamp life, 5BOO" K 

» Enclosed, Infinity Corrected Coaxial 
Fiber Optic Illumination 

» Magnifications of 4x, 6x, and 10x 
with 250mm objective and straight 
binocular head 

» 200mm, 250mm, 300mm, and 
400mm working distance lenses 
included 

P Available in Floor Model, Ceiling 


Mount and Wall Mount 


SSI-102 Wall Mount Model 





SSI-102 Floor Model 





For more information, contact: 


SEILER 
170 E. Kirkham Ave. * St. Louis, MO 63119 


(314) 968-2282 * (800) 489-2282 
Fax: (314) 968-3601 
E-mail: micro G seilerinst.com 


| INSTRUCTIONS TO AUTHORS 


Send manuscripts to Brian F. McCabe, MD, Editor, 
Department of Otolaryngology—Head and Neck Sur- 
gery, The University of Iowa Hospitals and Clinics, 
200 Hawkins Dr, Iowa City, IA 52242. Original 
manuscripts dealing with clinical or scientific as- 
pects of otolaryngology, bronchoesophagology, head 
and neck medicine and surgery, maxillofacial and 
plastic surgery, audiology, speech pathology, or re- 
lated specialties are considered for publication. All 
materials submitted for publication undergo peer 
review. All manuscripts must be accompanied by a 
signed copyright transfer statement (see "Copyright," 
below). Include a self-addressed, stamped envelope 
for notification of receipt of manuscript. 


Written permission from both senior author and pub- 
lisher must be provided to the Annals in order to re- 
publish tables or illustrations copyrighted elsewhere. 
Submit this permission with the manuscript. 


Papers are scheduled for publication in chronological 
order of acceptance. Manuscripts received in im- 
proper form require longer production time. Manu- 
scripts are edited in accordance with the AMA Manual 
Of Style, 9th edition (1998), and with the Uniform 
Requirements for Manuscripts Submitted to Biomedi- 
cal Journals (Ann Intern Med 1988:108:258-65). 


Manuscripts not accepted for publication are not re- 
turned, with the exception of color illustrations, which 
will be returned at our expense. 


MANUSCRIPT PREPARATION 


Limit papers to a size that will make up to no more 
than six printed pages, figuring three double-spaced 
typewritten pages of text to one typeset page; see the 
journal for estimating space required for references, 
illustrations, and tables. If a manuscript of greater 
length is accepted for publication by the Editor, all 
typeset pages over six are charged to the author at the 
publisher's cost of $150 per page. Submit an original 
and two copies of the manuscript on white bond paper 
with margins of at least 25 mm (1 in), double-spaced 
throughout, includingabstract, references, tables, and 
legends. Use a type size no smaller than 10 points, 
preferably 12. Begin each component on a new page 
in the following sequence: title page, abstract, text, 
acknowledgments, references. tables, and figure leg- 
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ends. Number pages consecutively in the upper right 
corner, beginning with the title page. Avoid the use of 
staples. 


The author is responsible for all statements in the 
paper, as approved on the copyedited galley proofs. 
Alterations made by the author after the paper has 
been typeset are charged to the author. 


Use standard abbreviations given in the Uniform 
Requirements. Express all measurements in metric 
terms; if original measurements were made in an- 
other system, include these parenthetically. Plot au- 
diograms according to ISO standards. Use generic 
names whenever possible. 


Title page must include 1) a concise but informative 
title, worded to facilitate indexing; 2) an abbreviated 
form of the title to be used as a running head; 3) 
authors' full names (no more than five authors are 
permitted) and no more than two academic degrees 
perauthor; 4) department(s) and institution(s) to which 
the work is attributed, with authors’ present affil- 
lations and addresses, if different, separately noted; 
5) statement of grant or other support; 6) name and 
address of author to whom reprint requests should be 
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FLUORODEOXYGLUCOSE IMAGING USING A COINCIDENCE 
GAMMA CAMERA TO DETECT HEAD AND NECK SQUAMOUS CELL 
CARCINOMA AND RESPONSE TO CHEMOTHERAPY 
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This prospective study was performed to evaluate the ability of a dual-head gamma camera with fluorine-18 fluorodeoxy glucose 
coincidence detection emission tomography (FDG-CDET) to detect primary tumor and cervical lymph nodes in head and neck 
squamous cell carcinoma (HNSCC), and to show the response of the carcinoma to chemotherapy. The findings were compared with 
those of physical examination, computed tomography (CT), and histopathology, before treatment in 61 patients, and after induction 
chemotherapy in 34 of them. Before treatment, the primary was detected in 93%. 79%. and 95% of cases on panendoscopy, CT, and 
FDG-CDET, respectively. After chemotherapy, 34 patients were evaluable for response of the primary tumor. Surgical resection was 
performed in 23 of them: agreement with histopathologic results for response to treatment was 74%, 69%, and 78% for panendos- 
copy, CT, and FDG-CDET, respectively. No surgical resection was performed in 11 of the 34 patients, but biopsies were performed 
before radiotherapy, and their rates of agreement with histopathologic results for response to treatment were 75%, 75%, and 67% on 
panendoscopy, CT, and FDG-CDET, respectively. For cervical lymph nodes. 245 sites were resected in 41 patients, and FDG-CDET 
appeared competitive with CT in detecting metastatic neck disease, especially after neoadjuvant chemotherapy; the accuracy was 
93%. These results demonstrated the ability of FDG-CDET to detect primary tumors and cervical lymph nodes in HNSCC and to 
show its response to chemotherapy, as compared to the ability of CT and panendoscopy. It may be a complementary tool to evaluate 
residual disease after induction chemotherapy. although higher sensitivity would be required for FDG-CDET to be considered as à 


staging modality. 


KEY WORDS — chemotherapy, coincidence detection emission tomography, fluorine-18 fluorodeoxyglucose, head and neck 


carcinoma, positron emission tomography. 
INTRODUCTION 


Fluorine-18 fluorodeoxyglucose positron emission 
tomography (FDG-PET) is now used to detect a va- 
riety of malignancies, based on the high rate of fluo- 
rine-18 fluorodeoxyglucose (FDG) uptake by malig- 
nant tissues.! In head and neck tumors, uses and limi- 
tations of FDG-PET have been demonstrated in de- 
tecting primary tumors, cervical lymph node and dis- 
tant metastases, and recurrences and in identification 
of unknown primary tumors.^!^ 


Induction chemotherapy is used in cases of ad- 
vanced malignancies of the head and neck before ei- 
ther radiotherapy or surgery.'7-'’ Assessment of the 
effect of chemotherapy and evaluation of residual 
tumor in responders are essential for planning fur- 
ther therapy, '? but no conventional method is reli- 
able for assessing the response to chemotherapy, in- 
sofar as the response may be discordant between the 
primary and the nodes. Since FDG-PET is a func- 
tional imaging modality in tumors, through assess- 


ment of glucose uptake, it could provide useful data 
for evaluating the response of head and neck squa- 
mous cell carcinoma (HNSCC) to therapy — espe- 
cially the early effects of neoadjuvant chemother- 
apy.20-22 In addition, the need to perform unilateral 
or bilateral neck dissection in cases staged as NO 
could be evaluated, given the reported sensitivity rate 
of FDG scanning, since no conventional diagnostic 
modalities are reliable enough to detect cervical 
Iymph node involvement before operation. 


However, the availability of dedicated PET ma- 
chines is restricted. The conventional dual-head gam- 
ma camera of our Department of Nuclear Medicine 
has been designed to image FDG by coincidence de- 
tection of the two 511-keV photons resulting from 
each disintegration of this radiopharmaceutical. 

Although the diagnostic value of FDG-PET in 
HNSCC for detecting primary tumors and cervical 


lymph node involvement has been well demonstrated, 
the value of FDG coincidence detection emission to- 
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mography (FDG-CDET) is not well documented in 
large series, especially with respect to the variety of 
primary sites involved in HNSCC.142325 


The purpose of this study was to prospectively 
evaluate the ability of FDG-CDET to detect primary 
tumors and metastatic neck disease, as well as the 
response to neoadjuvant chemotherapy, as compared 
to the ability of physical and endoscopic examina- 
tions and computed tomography (CT). All results 
were correlated with the histopathologic results for 
a Comparative analysis. 


PATIENTS AND METHODS 


Sixty-one patients consecutively referred to our in- 
stitution with previously untreated HNSCC were in- 
cluded in a prospective study. At first, 40 patients 
were enrolled in a clinical trial approved by the local 
ethics committee (Comité Consultatif de Protection 
des Personnes dans la Recherche Biomédicale). Sub- 
sequently, 21 patients had an examination after ap- 
proval by the Agence Francaise du Médicament Plas- 
ma glucose levels were used to exclude diabetic pa- 
tients. Fifty-six patients were male, 5 were female, 
and their mean age was 57.9 years (range, 36 to 79 
years). In addition to physical examination done on 
the patient awake and panendoscopy done under an- 
esthesia, chest radiography, a CT scan (using a Philips 
Tomoscan 7000 helical CT scanner), and a FDG- 
CDET scan were performed within an interval of 2 
weeks. The FDG-CDET and CT scans were done be- 
fore endoscopy, and images were read independently, 
with only information about the physical examina- 
tion performed on the patient awake. For the local- 
ization of cervical lymph nodes (detected by physi- 
cal, CT, and FDG-CDET examinations and bv his- 
topathology), the classification based on the standard- 
ized neck dissection terminology (levels I to VI) was 
adopted. In patients treated with induction chemo- 
therapy, all of the examinations were performed be- 
fore treatment and were repeated between 2 and 3 
weeks after the last course of chemotherapy. 


The first group of 17 patients (group 1) did not 
receive chemotherapy. Induction chemotherapv was 
performed in the second group of 44 patients (group 
2), and consisted of a modification of the regimen of 
Al Sarraf et al,” with cisplatin (20 to 25 mg/m" area 
per day) and 5-fluorouracil (1,000 mg/m? area per 
day) by continuous infusion for 4 days, on days 1 
and 21. A third course of chemotherapy was per- 
formed on day 42 in responder patients (ie, a clinical 
response rate of more than 50%). The responses to 
chemotherapy of the primary tumor and cervical 
lymph nodes were evaluated by both clinical exami- 
nation on the patient awake and panendoscopv un- 
der anesthesia, and by results of CT and FDG-CDET. 


The FDG-CDET was performed with a gamma 
camera that was a Picker Prism 2000XP equipped 
with thick detection crystals and the coincidence de- 
tection system. Filters and septa are placed over the 
two detectors in order to get a 2-dimensional acqui- 
sition. The FDG-CDET examination started 45 min- 
utes after the patient, who had fasted for 6 hours or 
more, was injected with 150 to 250 MBq of FDG 
(Flucis, supplied by Cis Bio International. Saclay, 
France). One tomographic acquisition of the head 
and neck, and one image of the whole body were 
obtained by scanning without attenuation correction 
by an external source. The duration of each acquisi- 
tion was approximately 40 minutes. The tomographic 
images were reconstructed with an iterative algorithm 
and displayed on a computer either as slices in 3 or- 
thogonal planes or by 3-dimensional volume render- 
ing. A FDG-CDET scan was qualitatively considered 
positive for malignancy when foci of a higher rate of 
FDG uptake were observed as compared with the 
activity of normal muscular or lymphoid tissues and 
salivary glands. Two nuclear medicine physicians in- 
terpreted the FDG-CDET images without informa- 
tion about the CT scan, and consensus was obtained 
after discussion in cases of discordance. 


With respect to the primary tumor and cervical 
lymph node involvement, prospective results ob- 
tained from the physical, panendoscopic, CT, and 
FDG-CDET examinations were correlated with the 
histopathologic findings from surgical specimens or 
biopsies. For cervical lymph nodes, each level was 
analyzed and the size of the lymph node involve- 
ment was measured on histopathologic examination. 
Histopathologic findings were considered as the stan- 
dard diagnostic references, for a comparative analy- 
sis. Results were scored as pathological for the pres- 
ence of viable primary tumor or viable cervical lymph 
node involvement (ie, on endoscopic and physical ex- 
aminations, presence of a visible primary tumor and/ 
or involvement of anatomic lymph nodes; on CT. pres- 
ence of an infiltrating mass with contrast enhance- 
ment and/or lymph nodes with a diameter greater than 
|2 mm or central necrosis and ring enhancement) or 
nonpatholegical (no viable primary tumor and no vi- 
able cervical lymph node involvement) for the endos- 
copy and imaging modalities. The same score was 
considered after induction chemotherapy. The FDG 
estimation of response to chemotherapy was done 
as described by Lowe et al??: the physicians were 
given images in a before-and-after comparison for- 
mat. All images were displayed on a gray scale set at 
the same arbitrary maximum pixel value. The read- 
ers rated the finding for each patient as progression 
of the tumor (or lymph node involvement). no change 
in the tumor, decrease in metabolism of FDG but 
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TABLE 1. DETECTION OF PRIMARY TUMOR IN 17 
PATIENTS WITH NO NEOADJUVANT 
CHEMOTHERAPY (GROUP 1) 





Sample Tumor Tumor Not 
Method Size Identified Identified 
Panendoscopy 17 13 4 
CT 17 11 6 
FDG-CDET 17 15 2 
Final histopathologic result* — 17 16 l 


CT — computed tomography; FDG-CDET — fluorine-18 fluoro- 
deoxyglucose coincidence detection emission tomography. 


*Based on biopsy or surgical specimen. 


residual tumor present, or resolution of tumor. Only 
resolution of tumor (or lymph node involvement) was 
considered a nonpathological finding. 


The sensitivity, specificity, predictive positive val- 
ue, negative value, and accuracy for each examina- 
tion were calculated. The sensitivity and specificity 
for the endoscopy and imaging modalities were com- 
pared by means of Fisher's exact test. Statistical sig- 
nificance was assumed when p < .05. 


RESULTS 


Primary Tumor. On the basis of the physical ex- 
amination during panendoscopy and the further find- 
ings of CT, 4 cases were staged as TO (exhibiting 
cervical metastasis from an unknown primary), 5 
cases as T1, 29 as T2 (1 of these patients exhibited 2 
synchronous primary tumors staged as T2 to as 13. 
and 8 as T4. 


Among group 1, the 17 patients who did not re- 
ceive induction chemotherapy, 4 patients had cervi- 
cal lymph node metastases from an unknown origin. 
The stages in this group were TO in 4 patients, T1 in 
3 patients, T2 in 8 patients, T3 in 1 patient, and T4 in 
| patient. Surgical resection of the primary tumor 
was performed in 11 patients, whereas 6 patients were 
treated for their primary tumor with radiotherapy 
only. The primary tumor was accurately localized in 
13, 11, and 15 patients (ie, 76%, 65%, and 88%) on 
panendoscopic examination, CT, and FDG-CDET, 
respectively (Table 1). In contrast to panendoscopic 
examination and CT, FDG-CDET located the primary 
unknown tumor in 3 of 4 patients in whom confir- 





Fig 1. Fluorine-18 fluorodeoxyglucose coincidence de- 
tection emission tomography (FDG-CDET) images of pa- 
tient showing A) fluorine-18 fluorodeoxyglucose | FDG) 
accumulation on oral cavity primary tumor (arrows) that 
B) disappeared after chemotherapy. Histopathologic re- 
sults of surgical resection demonstrated residual primary 
tumor of 4 mm (false negative on FDG-CDET), and no 
cervical lymph node involvement in bilateral neck dis- 
section (9 true-negative sites on FDG-CDET). Increased 
FDG activity at glottic area as observed is well known to 
occur secondary to FDG uptake by vocal muscles from 
speech activity. 


matory biopsies were later performed: in the orophar- 
ynx, in the hypopharynx, and in the larynx. How- 
ever, FDG-CDET missed 1 epiglottic tumor that was 
visualized on endoscopic examination and correctly 
identified by CT: histopathologic examination of this 
epiglottic resection showed a tumor measuring less 
than 4 mm. The results of both CT and FDG-CDET 
led to identification of all of the 16 primary tumors. 
Finally, the primary tumor was located in the orophar- 
ynx in 6 patients, in the larynx in 6, and in the hypo- 
pharynx in 4. 


Among group 2, consisting of 44 patients, | pa- 
tient exhibited 2 primary tumors, for a total of 45 tu- 
mors. The stages in this group were T1 in 2 patients, 
T2. in 22, T3 in 14, and T4 in 7. Before induction 
chemotherapy, the primary tumor was localized in 45, 
38, and 44 cases (ie, 100%, 84%, and 98%) on panen- 
doscopic examination, CT, and FDG-CDET, respec- 
tively (Table 2 and Figs | and 2). The primary tumor 


TABLE 2. DETECTION OF PRIMARY TUMOR IN 44 PATIENTS (45 TUMORS) BEFORE NEOADJU VANT 
CHEMOTHERAPY COMPARED WITH HISTOPATHOLOGIC RESULTS OF BIOPSIES (GROUP 2) 


Method Cases T+ T- TP 
Endoscopy 45 45 0 45 0 0 0 
CI 45 40 7 38 0 2 7 
FDG-CDET 45 44 l 44 0 0 | 








TN FP FN Accuracy (%) Sensitivity (%) ^ Specificity (%) PPV (%) NPV (%) 








100 100 N/A 100 N/A 
84 94 N/A 95 N/A 
98 98 N/A 100 N/A 


Results were scored as pathological (T+; presence of primary tumor) or nonpathological (T—; no primary tumor) for endoscopy, CT, and FDG- 
CDET and compared with reference to histopathologic results of biopsies (45 positives). 


TP — true positive; TN — true negative; FP — false positive; FN — false negative; PPV — positive predictive value; NPV — negative 


predictive value; N/A — not applicable. 
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was located in the mouth in 5 patients, in the rhino- 
pharynx in | patient, in the oropharynx in 12 patients, 
in the larynx in 18 patients, and in the hypopharynx 
in 9 patients. Like CT, FDG-CDET missed 1 tumor 
of the lateral part of the tongue. Computed tomogra- 
phy was false-positive in 2 cases. All of the true-posi- 
tive cases on CT were detected by FDG-CDET. The 
superior sensitivity of FDG-CDET in comparison 
with CT in detecting primary tumors was very close 
to statistical significance (p = .058). 

Overall, in groups | and 2, the primary tumor was 
localized in 93%, 79%, and 95% of cases on panen- 
doscopy, CT, and FDG-CDET, respectively. 


Thirty-four group 2 patients (ie, 35 primary tu- 
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Fig 2. FDG-CDET images of pa- 
tient showing A) intense FDG ac- 
cumulation on vallecula primary 
tumor (arrowhead) that B) disap- 
peared after chemotherapy. Two 
c right cervical lymph nodes (lev- 
T SN els II and III) were also observed 
before chemotherapy, but only | 
abnormal area of apparent FDG 
accumulation (level II) persisted 
after induction chemotherapy (ar- 
rows). Histopathologic results of 
surgical resection demonstrated 
no residual primary tumor (true 
negative on FDG-CDET ), and | 
right cervical lymph node mea- 
TN suring about 7 mm in bilateral 
| neck dissection (1 true-positive 
site and 7 true-negative sites on 


FDG-CDET ). 











mors) were evaluable for full assessment after com- 
pletion of chemotherapy; the examinations (panendo- 
scopic examination, CT, and FDG-CDET) required 
to evaluate the response were all performed. The 10 
other patients were excluded because these examina- 
tions were not performed in the specified time. 


surgical resection of the primary tumor was per- 
formed in 23 patients of this group (ie, 23 primary 
tumors; Table 3). Histopathologic findings from sur- 
gical specimens were positive for persistence of vi- 
able cancer in 16 patients (ie, 16 primary tumors), 
and negative in 7 patients (ie, 7 primary tumors). 
Overall accordance with histopathologic results was 
observed in 17 (74%), 16 (69%), and 18 (78%) pa- 


TABLE 3. DETECTION OF RESIDUAL PRIMARY TUMOR AFTER CHEMOTHERAPY IN 23 PATIENTS (23 TUMORS) 











Method Cases 





Endoscopy 23 18 5 14 3 4 P. 
CT ka 13 10 |] S 2 ? 
FDG-CDET 23 13 10 12 6 | 4 


T+ T- TP TN FP FN Accuracy (%) Sensitivity (%) 


COMPARED WITH HISTOPATHOLOGIC RESULTS OF SURGICAL SPECIMENS (GROUP 2) 








Specificity (%) PPV (96) NPV (%) 





87 43 78 60 
69 71 85 50 
75 86 92 60 


Results were scored as pathological (T+: presence of primary tumor) or nonpathological (T—; no primary tumor) for endoscopy, CT, and FDG- 


CDET, and compared with reference to histopathologic results of surgical specimens (16 positive tumors, 7 negatives). 
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TABLE 4. DETECTION OF RESIDUAL PRIMARY TUMOR AFTER CHEMOTHERAPY IN 11 PATIENTS (12 TUMORS) 
COMPARED WITH HISTOPATHOLOGIC RESULTS OF BIOPSIES (GROUP 2) 


Method Cases T+ T- 
Endoscopy 12 7 5 4 5 3 0 
CT 12 3 9 2 7 1 2 
FDG-CDET 12 4 8 2 6 2 2 


TP TN FP FN Accuracy (%) Sensitivity (96) 


75 
75 


67 


Specificity (%) PPV (95) NPV (%) 


100 62 57 100 
50 87 66 78 
50 75 50 75 


Results were scored as pathological (T+; presence of primary tumor) or nonpathological (T~; no primary tumor) for endoscopy, CT, and FDG- 
CDET, and compared with reference to histopathologic results of biopsies performed after chemotherapy (4 positives). 


tients on panendoscopic examination, CT, and FDG- 
CDET, respectively. At FDG-CDET, there were 12 
true-positive and 6 true-negative cases (Fig 2). Two 
of the 4 false-negative cases in FDG-CDET were ma- 
lignant residual tumors measuring less than 5 mm 
(also not detected on CT; Fig 1). The false-positive 
case in FDG-CDET was an oropharyngeal tumor ex- 
hibiting residual focus of FDG uptake, which was 
interpreted as positive (in contrast to CT). Concern- 
ing sensitivity, no difference between the modalities 
reached the level of statistical significance (p » .26). 
The only significant value was the higher specificity 
of FDG-CDET in comparison to endoscopy. 


Eleven patients (12 primary tumors) were treated 
with radiotherapy after induction chemotherapy (Ta- 
ble 4). Biopsies were positive for cancer in 4 cases 
before radiotherapy. Accordance with biopsy results 
was observed in 9, 9, and 8 cases on panendoscopy, 
CT, and FDG-CDET, respectively. 


Lymph Node Involvement. Histopathologic results 
of neck dissection procedures were compared to those 
of physical examination, CT, and FDG-CDET in 41 
patients (from groups 1 and 2) who were operated 
on (21 cases were NO, 4 were N1, 8 were N2a, and 8 
were N3 according to physical examination; Table 
5). Induction chemotherapy was performed before 
neck dissection in 28 patients (from group 2). In these 


28 patients, histopathologic results of neck dissec- 
tions were compared to physical examination, CT, 
and FDG-CDET performed after induction chemo- 
therapy. A radical, modified radical, or selective neck 
dissection (unilateral or bilateral) was performed. A 
total of 245 lymph node sites (from levels I to VI, 
according to the standardized neck dissection termi- 
nology?9) were resected and evaluated. In 24 patients, 
the histopathologic findings were positive for malig- 
nancy in 45 lymph node sites. The size of the cervi- 
cal lymph node involvement measured on histopatho- 
logic examination ranged from 1.8 to 50 mm (Fig 2). 
Overall, in both groups, accordance with histopatho- 
logic results was observed in 219 (89%), 224 (91%), 
and 227 (93%) lymph node sites on physical exami- 
nation, CT, and FDG-CDET, respectively. The sen- 
sitivity was less than 61% for all examinations, and 
the other values (specificity, positive predictive value, 
and negative predictive value) were not significantly 
different from each other. All cases with false-nega- 
tive FDG-CDET findings were either cervical metas- 
tases with a diameter of less than 7.8 mm (1.8 to 7.8 
mm; Fig 1) — one of them being, however, detected 
by CT — or had a lack of anatomic detail that led us 
to group together two separate lymph nodes in a sin- 
gle site. In the group of 28 patients who received neo- 
adjuvant chemotherapy before neck dissection, the 
accuracy of FDG-CDET reached 93%, and that of 


TABLE 5. DETECTION OF CERVICAL SITE METASTASES IN 41 PATIENTS (GROUPS 1 AND 2) COMPARED WITH 
HISTOPATHOLOGIC RESULTS OF NECK DISSECTIONS (45 POSITIVE SITES INVOLVED IN 245 SITES RESECTED) 


Method Sites N+ N- 
Physical 
No AC 77 10 67 9 59 1l 8 
AC 168 13 155 12 139 |I 16 
Both 245 23 222 21 198 2 24 
CT 
No AC 77 12 65 Il 59 1 6 
AC 168 i8 150 16 138 2 12 
Both 245 30 215 27 197 3 18 
FDG-CDET 
No AC 71 10 67 10 60 0 7 
AC 168 17 151 17 140 0 li 
Both 245 27 218 27 200 00 18 


TP TN FP FN Accuracy (%) Sensitivity (96) 


88 
90 
89 


Specificity (%) PPV (%) NPV (90) 


33 98 90 88 
43 99 92 90 
47 99 91 89 
65 98 92 9] 
57 98 89 92 
60 98 90 92 
59 100 100 89 
61 100 100 93 
60 100 100 92 


Results were scored as pathological (N+; cervical lymph node involvement) or nonpathological (N—; no cervical lymph node involvement) for 
physical examination, CT, and FDG-CDET, and compared with reference to histopathologic results of neck dissections, in patients without 
neoadjuvant chemotherapy, in patients with neoadjuvant chemotherapy, and in both of groups of patients. 


Physical — physical examination; AC — adjuvant chemotherapy. 
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CT, 92%. The sensitivities and specificities of CT 
and CDET were not statistically different (p » .24). 


Distant Metastatic Involvement. The chest radio- 
graph was suspicious for metastases in 5 patients. 
Eight patients showed distant metastases on FDG- 
CDET: in the lung in 6 patients, in the mediastinum 
in | patient, and in the hip in 1 other. Computed to- 
mography was consequently performed and identi- 
fied metastatic disease in 6 cases (6 in the lung and | 
in the hip). Four of these metastases were proven 
histologically, and 3 patients eventually died. In the 
remaining case (mediastinal metastasis), the lesion 
disappeared on both CT and FDG-CDET after adju- 
vant chemotherapy, and biopsy was then negative. 


DISCUSSION 


While panendoscopy and conventional imaging 
(CT and magnetic resonance imaging) are the stan- 
dard means for detecting malignancy, FDG scanning 
Is a new procedure in the evaluation of head and neck 
carcinomas. It is a noninvasive functional imaging 
modality that assesses glucose uptake by malignan- 
cies. Its clinical utility has been demonstrated in de- 
tection of primary tumors, recurrences, and cervical 
nodes and distant metastases in HNSCC.?-16 Most 
studies have used dedicated PET cameras. However. 
CDET cameras, more available than PET, seem to 
have resolution that is nearly as good as that of PET 
cameras.^' The utility of FDG-CDET has been previ- 
ously reported in HNSCC of the oral cavity and oro- 
pharynx, in detection of unknown primary tumor and 
of recurrent disease and residual tumor after ther- 
apy. !4:23-25 Another promising use of FDG imaging 
may be its ability to measure the effect of induction 
chemotherapy, especially in responders, to guide fur- 
ther adequate therapy. This present study was per- 
formed to evaluate whether FDG-CDET will be as 
effective as FDG-PET in detecting primary tumors 
of HNSCC at various sites, as well as cervical node 
metastases, and also to study its ability to evaluate 
responses to induction chemotherapy. 


This present study demonstrated that FDG-CDET 
was successful in detecting, before therapy, the pri- 
mary tumor in the different sites involved in HNSCC 
(oral cavity, oropharynx, laryngeal, and hypopharyn- 
geal regions). It appeared to be more reliable than 
CT (the sensitivity of FDG-CDET being very close 
to reaching statistical significance), and in patients 
with unknown primary tumors, it was successful in 
detecting the primary site. This ability of FDG scan- 
ning to detect occult primary tumors of the head and 
neck has been demonstrated with dedicated PET cam- 
eras®.!!.12 or FDG-SPECT (single photon emission 


tomography )?5? and also CDET cameras.!424 In our 


series of 61 tumors (16 in the first group and 45 in 


the second group before chemotherapy), FDG-CDET 
correctly detected all primary sites except 2: 1 of the 
epiglottis and 1 of the tongue. The tumor of the epi- 
glottis was detected on CT, so that the results were 
complementary between CT and FDG-CDET in the 
primary detection. However, the size of the epiglottis 
tumor — less than 4 mm on histopathology — prob- 
ably mace it too small to be detected by FDG-CDET. 
Usually, FDG scanning is able to detect lesions as 
small as 6 mm; an in vivo resolution of 6 to 8 mm 
appears to be the limit of the technique. In contrast. 
the asymmetry of the epiglottis, more than the tumor 
itself, probably led to a true-positive CT for the pri- 
mary site. The second tumor missed on FDG-CDET 
was a TI tumor of the lateral tongue that was not 
detected because an increased activity of FDG in the 
saliva pools caused artifacts. No false-positive find- 
ings were observed in the population before therapy, 
partly because FDG imaging was performed before 
biopsy to avoid inflammation and nonspecific in- 
creased FDG uptake.^ This is a point of paramount 
importance in the routine use of FDG scanning to 
avoid false-positive results. In the literature. the sen- 
sitivity of FDG scanning in detecting the primary tu- 
mor in HNSCC with dedicated PET cameras ranges 
from 88% to 100%.2-6.10.16.30 The rate reached 100% 
with a dual-head coincidence camera in a prospec- 
tive report that included 18 untreated patients, and 
the specificity was 9096.2? Our results could not be 
comparec to those of Pai et al*4 (sensitivity of 71%), 
since that series reported 7 patients with unknown 
primaries that included HNSCC but also other tumors. 
The results of the present prospective study, in a larg- 
er number of patients, are consequently in agreement 
with those of Stokkel et al, demonstrating that CDET 
gamma cameras have, in this application, performance 
similar to that of dedicated PET cameras. 


The utility of FDG scanning after therapy, especial- 
ly in detecting recurrent or residual disease after ra- 
diotherapy, has been demonstrated.6-8.10.15.21.24,25,30 
In contrast, only small series have evaluated PET 
scanning as a measure of response to chemotherapy 
in HNSCC, based on the quantitative change in FDG 
uptake.2"-7? Neoadjuvant chemotherapy may be used 
to increase the possibilities of larynx preservation 
and conservative surgery.!8-!9.3! However, no clini- 
cal, biological, or imaging modalities are currently 
available to predict chemotherapeutic response. Reis- 
ser et al? demonstrated that FDG-PET provides early 
quantitative data on tumor metabolism before and 
after chemotherapy. Lowe et al,?? studying the re- 
sponse to neoadjuvant chemotherapy in 28 patients 
in an organ preservation protocol, with HNSCC 
staged T3 to T4, found a sensitivity for FDG-PET of 
90% and a specificity of 83%, as compared to re- 
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sults of tissue biopsies. These authors also showed 
that visual evaluation, which was used in the present 
study, was at least as efficient as semiquantification 
(ie, standardized uptake value or SUV measure- 
ments), which would have led to 4 false-positive re- 
sults without correcting the 2 false-negative cases in 
their series. In another study, FDG-PET also appeared 
useful in assessing the response to chemotherapy of 
the primary tumor, which was evaluated by biop- 
sies.?? However, the performance has not yet been 
evaluated on CDET machines, which are not current- 
ly well suited for quantification (ie, SUV). In our 
study, among 23 surgical resections of the primary 
tumor, the accuracy, with histopathologic results as 
the reference, was the highest for FDG-CDET (7896), 
as compared to 74% for panendoscopic and 69% for 
CT examinations, but the difference was not signifi- 
cant. In contrast, the superior specificity of FDG- 
CDET in comparison to endoscopy reached the level 
of statistical significance, and the false-positive case 
was an oropharyngeal tumor exhibiting only residual 
focus of FDG uptake. Two of the 4 false-negative 
cases of FDG were residual primary malignant tu- 
mors measuring less than 5 mm, and the 2 others were 
tumors of the lateral tongue (including 1 missed pre- 
viously before chemotherapy). In the population of 
patients who had no surgical resection of their pri- 
mary tumor (12 primary tumors in 11 patients), histo- 
pathologic evaluation of chemotherapy efficacy was 
only evaluated on tissue biopsy specimens taken dur- 
ing endoscopy. The accuracy of FDG-CDET was only 
67%, with no statistical significance in comparison 
to other modalities. However, biopsies have a lower 
confidence value than surgical resection in evaluat- 
ing residual tumor and response to chemotherapy.?? 
As a confirmation of that point, in the group of 23 
patients operated on after chemotherapy, 20% of the 
biopsies of the primary tumor performed after com- 
pletion of chemotherapy were false-negative as com- 
pared to the surgical specimen. The accuracy of dif- 
ferent modalities in evaluating residual tumor after 
induction chemotherapy cannot consequently be de- 
termined from these data, since histopathologic find- 
ings from biopsies may not be considered as a refer- 
ence. 


Concerning the detection of cervical lymph nodes, 


involvement could only be accurately evaluated af- 


ter surgery and in correlation with histopathologic 
findings of neck dissections, and the results there- 
fore include patients who received induction chemo- 
therapy before the surgical procedure. The overall 
accuracy of FDG-CDET (93%) was competitive with 
that of CT (9196). The sensitivity of FDG-CDET was 
similar to that of CT, and its specificity was 100% 
(98% for CT), since no false-positive cases were ob- 


served. All false-negative cases on FDG-CDET, with 
or without induction chemotherapy, were either cer- 
vical metastases with a diameter of less than 7.8 mm 
or were due to a lack of anatomic detail that led us to 
group together two separate lymph nodes in a single 
site. For example, it was difficult to distinguish 
whether two foci suspected to be malignant cervical 
lymph nodes on FDG-CDET were located in a single 
level or in two adjacent levels of the neck. This sen- 
sitivity rate was not as good as that in the study of 
Stokkel et a1, in which the sensitivity was 89% (and 
the specificity 9390). However, these authors only 
took into consideration the neck side involved, and 
not the number of cervical lymph node sites, while 
comparing the results with the histopathologic find- 
ings.2? With FDG-PET machines, previous studies 
have demonstrated sensitivity and specificity in de- 
tecting cervical metastases to be in the ranges of 67% 
to 100% and 82% to 100%, respectively.5:7-9.16,54,35 
A sensitivity of 50% was also reported by Paulus et 
al.!? This wide range of results is probably due to 
the different methods of analysis used. In the present 
study, a resolution of 7 to 8 mm in diameter appeared 
to be the limit of the FDG-CDET for detecting cer- 
vical metastases. 


We conclude that FDG-CDET may be a useful tool 
for evaluating viable cervical lymph node metastases 
after neoadjuvant chemotherapy. Moreover, the re- 
sponses of the cervical nodes, assessed separately, 
did not determine the choice of treatment for the pri- 
mary tumor. No other study, to our knowledge, has 
correlated histopathologic findings of neck dissec- 
tion to the results of FDG-CDET after courses of 
chemotherapy. The results of FDG-CDET in evalu- 
ating the response were, in this study, better than 
those of physical examination, but were, however, 
similar to those of CT not statistically different. In 
view of these results, the sensitivity of FDG-CDET 
appeared to be too low to select patients in whom 
neck dissection could be spared in cases in the NO 
stage, especially when organ preservation is required. 
Staging NO patients as N+ or N— (with or without 
histopathologic lymph node involvement) from neck 
dissections remains a point of great interest in dis- 
cussing the necessity of complementary postopera- 
tive radiotherapy, especially when tumor-negative 
margins are observed on the resected primary. In con- 
trast to surgical deflation, which we perform in se- 
lected cases on the primary tumor after induction che- 
motherapy,!? only an increased sensitivity of FDG- 
CDET could allow surgical deflation of the cervical 
lymph nodes. 


Inthe detection of distant metastases, FDG-CDET 
led to identification of 3 metastases that were not visu- 
alized during the routine preoperative examinations 
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(chest radiography). In 1 case, however, the suspected 
metastasis was not proven histologically, but it had 
disappeared on CT and FDG-CDET after chemother- 
apy, and the patient is still alive with no sign of dis- 
ease 2 years later. In the 2 other cases not proven 
histologically, the patients died of lung metastases. 
A previous study using FDG-PET reported a sensi- 
tivity of 90% and a specificity of 94% for the detec- 
tion of distant metastases.?? Like FDG-PET, FDG- 
CDET could also be useful in detecting distant me- 
tastases at the whole-body level and in choosing ap- 
propriate therapeutic modalities. However, no statis- 
tical study was done, since histopathologic findings, 
considered to be the reference in this present study, 
were not available or were negative, and since the 
number of distant metastases was too low to make 
valuable comparisons. 


CONCLUSION 
In conclusion, FDG-CDET, like FDG-PET per- 





formed with dedicated PET machines, was useful in 
detecting primary malignancies and cervical and dis- 
tant metastases in HNSCC. Based on the metabolic 
activity of the tumor and metastases, it may also be 
helpful in evaluating the response to neoadjuvant che- 
motherapy. It could be included in diagnosis of 
HNSCC, more as a complementary tool than as an 
alternative imaging modality, since its results were 
not statistically significantly different from those of 
other modalities (CT and results of physical and en- 
doscopic examinations); FDG-CDET may be more 
specific than CT, because of the limits of its resolu- 
tion, but it is not more sensitive. However. the supe- 
rior sensitivity of FDG-CDET as compared with CT 
in detecting primary tumors before treatment was very 
close to significant. Higher resolution of images with 
improvement of CDET by emergent techniques such 
as attenuation correction by an external source and 
the 3-head coincidence gamma camera could increase 
the sensitivity of FDG-CDET, with potential thera- 
peutic implications. 
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MANAGEMENT OF CAROTID ARTERY INVASION IN ADVANCED 
MALIGNANCIES OF HEAD AND NECK 


COMPARISON OF TECHNIQUES 
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GUNTER HAFIZ, MD NERMIN BASERER, MD ENGIN YAZICIOGLU, MD 


ERKAN KIYAK, MD MEHMET TINAZ, MD NECDET BILICILER, MD 
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The objective of this study was to retrospectively investigate a single institution's experience with carotid artery resection 
performed as part of an oncological procedure and to determine acute and convalescent complication and survival rates. We per- 
formed a record review of 28 patients with head and neck malignancy invading the carotid artery. Immediate carotid artery resection 
and ligation on an emergent basis was performed on 12 patients (group 1), elective resection and ligation was performed on 8 patients 
(group 2), and elective resection and revascularization was performed on 8 patients (group 3). In group 1, although | patient survived 
for | year and I patient survived for 2 years, | patient died of severe neurologic deficit, 2 patients experienced neurologic deficit with 
good recovery, and 1 patient was moderately disabled. In group 2, 2 patients survived without disease for 5 years, and 2 patients 
experienced neurologic deficit, 1 with good recovery and the other with complete recovery. In group 3, only 1 patient survived for 5 
years, and within this group, 1 patient died of severe neurologic deficit, 1 patient had neurologic deficit with moderate recovery, and 
| patient had neurologic deficit with complete recovery. No significant difference in mortality and morbidity rate was observed 
between the "resection and ligation" group and the "resection and revascularization" group (p = .52, x? = 0.79). We conclude that the 
surgical treatment of patients with an invaded carotid artery, including carotid resection, provides a small but real chance of 5-year 
survival. The methods of carotid resection and repair should be guided by clinical presentation and by preoperative and intraopera- 
tive investigations. 


KEY WORDS — carotid artery invasion, head and neck malignancy. 


INTRODUCTION vary greatly with regard to morbidity and mortality 
Carotid artery invasion, regarded as a criterion for rates. The differences in the mortality and morbidity 
inoperability by some investigators,!2 is a sign of rates may be a result of the small patient populations 
unfavorable prognosis in patients with advanced head used in these studies (Table 11-24-11), Aside from a 
and neck malignancy. In such instances, if the pa- meta-analysis,’ the number of patients in these stud- 
tient is left without treatment or receives nonsurgi- les is relatively small. Unfortunately, the studies that 
cal palliative therapies or nononcological surgical compare all surgical treatment methods are extremely 
treatment, the chance of survival for the patient be- rare. 


1es almost zero. Various authors in the literature 
décide : TABLE 1. PUBLICATIONS RELATED TO CAROTID 


have emphasized this fact by indicating that very few ARTERY INVASION IN ADVANCED HEAD AND NECK 
of these patients were long-term disease-free survi- MALIGNANCIES 


vors.? The only treatment option that offers cure for 











Authors Year No. of Patients 





the patient is the radical extirpation of the invaded 
ete artery system. i ane «des ae 
fis - de Vries et al® 1988 8 
Despite the possibility of providing local tumor Yazicioglu et al! 1989 10 
control, there are many different opinions among re- Aiace stall 1992 20 
searchers about this major surgical procedure that car- Snyderman and D'Amico? 1992 158% 
ries such a high perioperative morbidity rate and such facobs et aj 1994 T 
a disputable increase in survival rate. The discussion Maus asd food 1994 20 
is not limited to whether to operate, but also involves Brennan and Tarek 1994 - 
the issue of revascularization after resection and its Okano eta 1996 24 
methods. Some investigators! 24 prefer revasculariza- Eaton srl 1997 j 
tion after resection, whereas others? are in favor of *Meta-analysis (total of 158 patients in 22 separate published se- 
resection without revascularization. These methods ries). 

















From the Department of Otorhinolaryngology, Faculty of Medicine, Istanbul Universi: y, Istanbul, Turkey. 
CORRESPONDENCE — Ismet Aslan. MD, Kardelen 4-5 D: 3, 81120 Atasehir, Istanbul Turkey; e-mail: ismetaslan@istanbul.edu.tr. 


772 


x 


v 


Aslan et al, Carotid Artery Invasion T3 


In this report, we analyze retrospectively all sur- 
gical treatment methods in patients with advanced 
head and neck malignancy who had carotid artery 
involvement and discuss the advantages and disad- 
vantages, immediate or delayed neurologic sequelae, 
and survival rates. In our report, the operative tech- 
niques are discussed and compared with other stud- 
ies in terms of morbidity and mortality rates and on- 
cological effectiveness. 


This study reflects 10 years of experience at the 
Istanbul University Faculty of Medicine Department 
of Otorhinolaryngology. In our clinic, patients with 
head and neck malignancy invading the carotid sys- 
tem were evaluated under elective and emergency 
conditions. After elective resections, revasculariza- 
tion was performed in selected cases. We observed 
that in the first 5 years of the period, revascularization 
procedures were not used frequently, and pharyngo- 
stomes were left for protection, whereas revasculari- 
zation procedures and myocutaneous flaps were wide- 
ly used in the last 4 years of the period. 


MATERIALS AND METHODS 


Patients who underwent carotid artery resection 
for advanced head and neck malignancy between the 
years 1989 and 1998 were analyzed. Patients who 
underwent carotid artery resection for other causes 
were excluded from the study. The total number of 
patients in the study was 28. The patients with radi- 
cal extirpation of the invaded carotid artery were di- 
vided into 3 groups. Group 1 included patients who 
underwent immediate resection and thereafter liga- 
tion because of rupture of the invaded carotid artery. 
Group 2 consisted of patients for whom resection 
without revascularization was performed after pre- 
operative progressive occlusion of the carotid sys- 
tem. In group 3, revascularization was performed 
after resection. 


Carotid artery invasion was actually confirmed sur- 
gically and histologically in the elective cases in 
which angiographic evaluation was performed be- 
fore the carotid resection (16 patients of group 2 and 
group 3). If the carotid adventitia that was peeled off 
during surgery showed any histologic evidence of 
malignancy, this was accepted as an absolute indica- 
tion for carotid resection, no matter whether any ar- 
terial wall invasion existed. 


The sufficiency of the carotid artery system was 
evaluated in group 2 and group 3 patients (total, 16 
patients) with selective. angiography during which 
the backflow of the contralateral side was analyzed 
by balloon occlusion of the ipsilateral carotid artery. 
Resection and ligation was the preferred treatment 
method if preoperative selective angiography demon- 


strated adequate perfusion from the contralateral side 
and if no ischemic neurologic signs developed after 
balloon occlusion of the invaded carotid artery. How- 
ever, none of the elective patients (group 2 and group 
3) underwent operation according to the decision de- 
termined before operation. The surgeon’s evaluation 
of the carotid artery during operation and the back- 
flow stump pressure measurements determined the 
decision whether to revascularize or to ligate. Resec- 
tion was considered relatively safe only if the opera- 
tive backflow stump pressure of the involved carotid 
artery was sufficient. The carotid stump pressure was 
measured with a single-channel electrocardiogram 
monitor with a transducer. A backflow pressure of 
70 mm Hg or more was considered safe for resec- 
tion. A backflow pressure of 50 mm Hg or less was 
considered to be dangerous for resection, and a pres- 
sure between 50 and 70 mm Hg was defined as bor- 
derline. | 


Anastomoses were performed between the com- 
mon carotid artery and the internal carotid artery in 
all patients. Patients for whom carotid artery resec- 
tion was planned received heparin sodium (5,000 U) 
2 hours before the operation and 3 times daily for 10 
days after the operation. The efficacy of hepariniza- 
tion was evaluated by coagulation time and partial 
thromboplastin time. 


The preoperative variables were patient age, sex, 
primary tumor, preoperative radiotherapy, and preop- 
erative evaluation. Among the operative variables 
were the stump pressures of the involved carotid sys- 
tem and the operation and revascularization tech- 
niques used. The postoperative variables considered 
were the morbidity and survival rates. The neurologic 
outcomes of the patients were evaluated according 
to the Glasgow Outcome Scale!? (GOS), which rates 
the neurologic status of the patient on a scale from 1 
to 5 (1, dead; 2, severely disabled; 3, moderately dis- 
abled; 4, good recovery; and 5, complete recovery). 


The statistical calculations were done by the SPSS 
(Statistical Package for the Social Sciences) program. 
The survival rates of the different groups were com- 
pared by the Kaplan-Meier life table method. The sig- 
nificance of differences in neurologic morbidity be- 
tween the group in which revascularization was per- 
formed and the group in which resection was per- 
formed without revascularization was evaluated with 
a X? test. 


RESULTS 


The study consisted of 28 patients with advanced 
head and neck malignancy who underwent carotid 
resection between 1989 and 1998. The mean age was 
48 years, and the range was 24 to 72 years. The male- 
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TABLE 2. PATIENTS WITH CAROTID ARTERY INVASION BY ADVANCED HEAD A 
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WHOM CAROTID RESECTION WAS PERFORMED 











Neurologic 
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P Deficit Survival Cause of 
No. Surgery Grade Outcome (mo) Death 
| Saphenous revascularization None Unknown LFU 
2 Immediate resection None Died 6 mo 6 Regional recurrence 
3 Immediate resection None Died 12 mo 12 Regional recurrence 
4 Saphenous revascularization None Died 1 wk None Anastomosis breakdown 
5 Gore-Tex revascularization None Alive 8 
6 Saphenous revascularization 3 Died 5 mo 5 Local recurrence 
7 Gradual ligation and resection None Died 12 mo L2 Regional recurrence 
8 Saphenous revascularization None Alive 12 
9 Gore-Tex revascularization 3 Reached 5-y survival 65 
10 Gradual ligation and resection None Died 12 mo 12 Regional recurrence 
l] Gradual ligation and resection 2 Reached 5-y survival 65 
12 Immediate resection E Died 13 mo 13 Local recurrence 
13 Gradual ligation and resection None Reached 5-y survival 60 
14 Immediate resection 4 Died 12 mo 12 Regional recurrence 
15 Saphenous revascularization None Alive 4 
16 [Immediate resection E Unknown LFU 
17 Gradual ligation and resection None Died 1 mo ] Local recurrence 
18 Immediate resection None Alive at 6 mo LFU 6 
19 Immediate resection None Died 12 mo 12 Local recurrence 
20 Immediate resection ] Died 2 d None GOS | hemiplegia 
21 Immediate resection None Alive at 24 mo LFU 24 
Fi, Gradual ligation and resection None Died 18 mo 18 Brain metastasis 
23 Gradual ligation and resection None Died 6 mo 6 Brain metastasis 
24 Immediate resection None Died 15 mo 15 Regional recurrence 
25 Immediate resection None Died 8 mo 8 Regional recurrence 
26 Gradual ligation and resection 4 Died 5 mo 5 Local recurrence 
27 Immediate resection None Died 10 mo 10 Local recurrence 
28 Gore-Tex revascularization None Died 14 mo 14 GOS | hemiplegia 


LFU — lost to follow-up; GOS — Glasgow Outcome Scale. !2 











to-female ratio was 2.4 to 1. The locations of the pri- 
mary tumors were the larynx, hypopharynx, oral cav- 
ity, and thyroid gland. Nineteen patients had a his- 
tory of preoperative radiotherapy. Only 6 of the 28 
patients were primary surgical candidates: for the re- 
maining 22 patients, carotid artery resection was per- 
formed as a salvage procedure. 


Twelve patients required immediate resection be- 
cause of spontaneous rupture or rupture of the ca- 
rotid artery during dissection of the tumor off the 
lamina adventitia of the carotid artery (group 1). In 
8 patients, carotid artery resections and ligations were 
performed after preoperative selective angiograms 
and the required pressure measurements were made 
along with progressive occlusion of the carotid sys- 
tem (group 2). Also, in 8 patients (group 3), carotid 
artery resection and revascularization was performed 
after preoperative selective angiograms were ob- 
tained and inadequate carotid backflow stump pres- 
sures were demonstrated during the operation. For 


revascularization material, autogenous saphenous 
vein was used in 5 patients, and the synthetic mate- 
rial Gore-Tex was used in 3 patients. Table 2!2 sum- 
marizes the details of the patient information in the 
series. 


In 5 of the 8 patients who underwent revasculariza- 
tion, myocutaneous flap coverage was performed, 
and in 11 of the 28 patients who underwent carotid 
resection, a pharyngostoma was left for protection 
concerns. 


Three of the 12 patients who underwent emergency 
carotid resection were lost to follow-up; 1 of them 
was free of disease at 6 months and the other at 24 
months when they were excluded from the survival 
evaluation. One of the remaining 9 patients died of 
hemiplegia (GOS 1) on the second postoperative day, 
and the others had a mean survival duration of 11 
months. These patients died of both local and regional 
recurrence between 6 and 15 months, and none lived 
beyond 2 years. Besides the GOS 1 patient who died 


Aslan et al, Carotid Artery Invasion 


1.2 








=. Revascularization group 


1.0 a = Gradual resection group 
o 
to — immediate resection group 
= 0.8 i 
"td + 
2 
S Ci 
yg) 0.6 : 
£ i 
5 t 
e " 
5 0.4 - 
= ues B Seed & GS W LT. b QLVS b 2e ct. 
= | 
© m-— Me" me n om a m m re a - 


0 10 20 30 40 50 60 70 
Survival (months) 


Comparison of survival rates between different surgical 
groups. No statistically significant difference is shown 
by Kaplan-Meier life table (p > .05). Log-rank statistic = 
0.73; 2 degrees of freedom; p = .6946. 


on the second postoperative day, 2 patients experi- 
enced GOS 4 hemiplegia and 1 patient had GOS 3 
hemiplegia in the postoperative period. 


In the second group of 8 patients for whom resec- 
tion was performed without revascularization after 
preoperative progressive occlusion of the carotid sys- 
tem, 2 patients were free of disease at 5 years, and 
the remaining 6 patients died. The overall duration 
of survival was 22.3 months on average. Two of these 
patients died of brain metastasis, 2 patients of re- 
gional recurrence, 1 patient of local recurrence, and 


1 of local residual tumor. Even though all 8 patients | 


in this group were reported as having adequate cere- 
bral perfusion on the balloon occlusion test, and none 
experienced dangerous intraoperative backflow 
stump pressures below 50 mm Hg, 1 patient devel- 
oped GOS 4 hemiplegia and 1 had GOS 5 hemiple- 
gia; both were rehabilitated successfully. | 


Of the 8 patients in the revascularized group, 1 
was lost to follow-up and was excluded from the sur- 
vival evaluation. One patient who underwent revas- 
cularization with saphenous vein died in the first post- 
operative week because of anastomosis breakdown. 
The remaining 6 patients had an average duration of 
survival of 11 months; GOS 5 hemiplegia was ob- 
served in 1 patient, and GOS 3 hemiplegia devel- 
oped in 1 patient. One patient who underwent graft- 
ing with Gore-Tex survived for 5 years. One patient 
died of regional tumor recurrence, and 1 patient with 
GOS 1 hemiplegia on the appropriate body side died 
12 months after the carotid revascularization proce- 
dure. 
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TABLE 3. COMPARISON BETWEEN 
REVASCULARIZATION AND RESECTION-ONLY 
GROUPS IN TERMS OF NEUROLOGIC DEFICIT 


No. of | Neurologic No Neurologic 


Surgery Patients — Deficit Deficit 
Resection 20 6 14 
Revascularization 8 2 6 
Total 28 8 20 


No statistically significant difference (x^ = 0.791; p = .52). 


The survival evaluation of the different surgical 
groups was performed with the Kaplan-Meier life 
table method. No statistically significant difference 
was observed among the 3 groups (see Figure). 


The neurologic complication rate was compared 
with the y? test between the revascularization group 
and the group in which no revascularization was per- 
formed, and no significant difference was observed 
(Table 3). However, it should be noted that 4 of the 8 
cases of neurologic complications appeared in pa- 
tients who underwent immediate resection because 
of emergent carotid blowout, and thus, no preopera- 
tive tests were performed in these patients to evalu- 
ate the competence of the contralateral carotid artery 
system. Two-patients who experienced postoperative 
neurologic complications (one GOS 3 and the other 
GOS 5) were reported as having insufficient contra- 
lateral perfusion of the ipsilateral cerebral hemisphere, 
and their backflow stump pressure values were less 
than 50 mm Hg; for this reason, they underwent re- 
vascularization. Six of the 8 patients who underwent 
revascularization experienced no postoperative neu- 
rologic complications. The 2 patients who had neu- 
rologic complications belonged to group 2 (ligation 
and resection group). Although both patients were 
reported as having adequate perfusion from the con- 
tralateral side according to the preoperative balloon 
occlusion test, the operative backflow measurement 
was borderline for 1 patient, who experienced GOS 
4 hemiplegia, and over 70 mm Hg (ie, safe) for the 
other, who experienced GOS 5 hemiplegia. 


DISCUSSION 


The prognosis is grim in patients with advanced 
head and neck malignancy who have carotid artery 
involvement. The problem is not only to free the pa- 
tient from the tumor, but also to save the patient from 
neurologic complications related to the procedure. 
The chance of these patients’ benefiting from chemo- 
therapy, nononcological surgical procedures, exter- 
nal radiotherapy, brachytherapy, or a combination of 
them is almost zero.?? The only chance of survival 
is the radical extirpation of the carotid system in- 
vaded by the tumor. This procedure not only offers a 
chance for cure, but also provides palliation by de- 
creasing pain and local tumor problems.!! 
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If a radical procedure is planned in such patients, 
carotid artery resection without revascularization or 
carotid artery resection with bypass grafting may be 
performed. These surgical methods offer a chance 
for survival, but also carry a serious risk of neuro- 
logic complications. In order to minimize this risk, a 
good preoperative evaluation is necessary. Preopera- 
tive evaluation may not be performed if the patient 
presents with emergency bleeding or if vessel disrup- 
tion occurs during dissection of the tumor off the ca- 
rotid wall. The first step in preoperative evaluation 
is to determine whether the carotid system is invaded 
by the tumor. Clinical examination may reveal clues 
of carotid invasion by the tumor, such as fixation of 
the mass during vertical movements, but thes2 signs 
may not always be valid. A mass that was evaluated 
as being fixed may be resected easily during opera- 
tion, while a clinically mobile mass may turn out, in 
the operating room, to have infiltrated the carotid Sys- 
tem.* None of the preoperative imaging methods such 
as ultrasonography, computed tomography, mzgnetic 
resonance imaging, or angiography can prove arte- 
rial wall invasion by the tumor.5 The only factor that 
determines the necessity of radical resection of the 
tumor is the perioperative observation of tke sur- 
geon.? 


Many techniques have been developed to deter- 
mine cerebral blood flow sufficiency before opera- 
tion in order to protect the patient from severe post- 
operative neurologic complications. The Mates test, 
duplex ultrasonography, ocular pneumoplethysmog- 
raphy, angiography, the transluminal balloon occlu- 
sion test, the balloon occlusion test with cerebral 
blood flow mapping, the balloon occlusion test with 
xenon computed tomography, single photon emission 
computed tomography with technetium-hexameth- 
ylpropylene amine oxime, positron emission tomo- 
graphic scanning with balloon occlusion, and :rans- 
cranial ultrasonography are such methods.57.11.13 
None of these preoperative methods provides 100% 
protection from neurologic complications. Use of ca- 
rotid artery backflow and measurement of carotid 
stump pressure in the perioperative period also do 
not offer absolute protection from neurologic com- 
plications.®13 This fact is evident in our group 2 pa- 
tients: 2 experienced postoperative hemiplegias, even 
though all 8 patients in this group were reported as 
having adequate cerebral perfusion according to the 
balloon occlusion test, and none had dangerous in- 
traoperative backflow stump pressure measureraents 
(below 50 mm Hg). Nor does the revascularization 
procedure offer 100% protection against postovera- 
tive neurologic complications. In our series, 6 of the 
8 patients in the revascularization group were re- 
ported as having insufficient contralateral perfusion 


of the ipsilateral cerebral hemispheres and intraop- 
erative backflow stump pressure measurements that 
were not in the safe zone (over 70 mm Hg). For these 
reasons, they underwent revascularization. Despite 
revascularization, 2 patients experienced postoper- 
ative neurologic complications. However, it is not 
clear whether these 2 postoperative neurologic com- 
plications were caused by ischemic or embolic in- 
sults. 


Management of this disease, which carries a high 
complication rate and has a very complex preopera- 
tive evaluation, is very complicated. Although local 
disease control may be accomplished, long-term sur- 
vival is not expected. Thus, many researchers in this 
field have different approaches. Biller et al2 have 
performed resection and bypass grafting with a 7% 
postoperative neurologic complication rate and a 
25% 12-month survival rate. Brennan and Jafek? have 
performed resection without revascularization with 
a 29% neurologic complication rate and a mean dura- 
tion of survival of 7 months. Although, in some stud- 
les, the 1-year survival rate has been reported to be 
as high as 44%, none of the current literature states 
3- or 5-year survival rates.4 Because morbidity and 
mortality rates regarding ligation and revasculariza- 
tion vary greatly, there is no consensus among inves- 
tigators on which method should be used. In our clin- 
Ic, we have analyzed all available methods that are 
performed in the setting of carotid invasion. Although 
the patients were grouped according to preoperative 
evaluation, and these groups were by no means equal 
in their ability to pass the preoperative evaluation. 
we observed that there was no statistically signifi- 
cant difference between the different methods regard- 
ing survival rate. 


Some investigators do not think resection in these 
patients is worthwhile; they state that these patients 
should be considered as having N3 necks and that 
they have a high risk of distant metastasis.5? In our 
series, only 2 of our patients developed distant me- 
tastasis. Of the 24 patients with follow-up, 3 have 
completed 5 years, | has completed 2 years, and | 
has completed 1 year of follow-up without signs of 
disease. If nononcological palliative treatment meth- 
ods had been chosen for these patients, none of them 
would have lived that long. In other words, almost 1 
of 5 patients with zero chance of survival gained the 
chance to live by the radical procedure performed. 
The nonsurvivors benefited from the procedure in 
terms of palliation. Although it is an undeniable fact 
that serious complications and death may ensue from 
aggressive radical surgery, it is the only chance for 
survival for these patients. 


After elective carotid artery resection, the ques- 
tion is whether bypass grafting should be performed. 
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Some clinicians prefer ligation only because they be- 
lieve that by this method a more complete tumor re- 
section can be achieved, postoperative radiotherapy 
can be initiated earlier, and the risk of carotid artery 
rupture is lower.?5? We believe that there is always 
the risk of embolization of an atheromatous plaque 
in elderly, atherosclerotic patients in whom vascular 
operations are performed, and only ligation can of- 
fer protection against this risk. Researchers who pre- 
fer reconstruction claim that preoperative evaluation 
by itself cannot eliminate the risk of an intraopera- 
tive stroke, so ipsilateral cerebral flow must be pre- 
served.!4 Also, the possibility of future carotid ar- 
tery disease on the contralateral side should be kept 
in mind. In our study, we observed that there was no 
significant difference in the survival rate (p = .52) or 
the neurologic morbidity rate (y? = 0.79) between 
the ligation and revascularization groups. 


CONCLUSION 
Internal carotid artery invasion in advanced head 


and neck cancers is an unfavorable prognostic sign. 
Although there are significant postoperative neuro- 
logic complications and possible perioperative com- 
plications related to the procedure, the only chance 
of cure for these patients is aggressive resection. The 
subject of discussion should not be whether resection 
should be performed, but instead whether revascu- 
larization should be performed after resection. Be- 
cause vascular surgical procedures of the carotid ar- 
tery carry the risk of many serious complications, 
including even death, ligation without bypass graft- 
ing may be reasonable for patients with adequate con- 
tralateral cerebral circulation, and bypass grafting 
should be reserved for all other elective carotid re- 
section patients. However, in making such a critical 
decision, both the patient's quality and quantity of 
life and the opinion of the patient and relatives should 
be taken into consideration. No statistically signifi- 
cant result has been achieved to prove the superior- 
ity of any surgical method carried out after resec- 
tion. 
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CONGENITAL IMPLANTATION CHOLESTEATOMAS OF THE 
OCCIPITOPARIETOTEMPORAL JUNCTION 


RINALDO F. CANALIS, MD NINA SHAPIRO, MD 
TORRANCE, CALIFORNIA LOS ANGELES, CALIFORNIA 
ROBERT LUFKIN, MD DONALD P. BECKER, MD 
LOS ANGELES, CALIFORNIA LOS ANGELES, CALIFORNIA 


Two cases of cranial cholesteatomas centered at the occipitoparietotemporal junction are presented, and 12 similar cases re- 
ported as diploic cholesteatomas involving the temporal bone are reviewed. Among the reported diploic cholesteatomas, 3 involved 
the occipitoparietotemporal junction and had the same clinical characteristics as the ones presented here. These 5 lesions did not 
produce expansion of the cranial tables. they had a predominantly intracranial £rowth, and their matrix was bonded to the dura. so 
that their complete excision was prevented. It is proposed that cranial cholesteatcmas involving the occipitoparietotemporal junction 
arise, not from within the tables of the skull, but from squamous cells trapped during closure of the mastoid fontanelle and formation 
of the suture. Hence, they should be recognized as having an origin different from that of diploic lesions, and termed congenital 
implantation cholesteatomas. 


KEY WORDS — cholesteatoma. occipitoparietotemporal junction. 


Epidermoid tumors of the skull bones are rare con- review of previously reported cases, which indicated 
genital lesions generally believed to develop within that several DCs involving the temporal bone ap- 
the cranial tables. Consequently, they are referred to peared to originate at the asterion. In this communi- 
as diploic or intradiploic cholesteatomas (DCs). a cation, we report the clinical and radiographic find- 
term coined by Muller,! who first described them in ings of our cases, comparing them with those previ- 
1838. Bailey? authored the first report of a DC in the ously reported, and propose an alternative source for 
American literature in 1920, and Mahoney? docu- their origin. 
mented their incidence in 1936. Mahoney found 20 
epidermoids (0.65%) in a review of 3.250 Intracra- CASE REPORTS 


nial tumors and went on to review the literature on 
these lesions, noting that only 23 DCs had been de- 
scribed. Since then, DCs have been periodically dis- 
cussed in the literature, which was updated by Miller 
et al* in 1994, along with the description of a case of 
their own. An additional DC has since been reported, 
for a current total of 75 cases.? The review of Miller 
et al showed that DCs were relatively more frequent 
in the frontal (19 or 26%), parietal (15, or 21%). and 
occipital regions (15, or 21%), while the temporal 
bone had been involved in only 10 (12%) of the re- 
ported cases. 


Case 1. A 63-year-old man presented with a 20- 
year history of a slowly growing right postauricular 
mass. The lesion extended anteriorly to within 3 cm 
of the postauricular crease and posteriorly to within 
5cm of the midline. It was painless, firm, and rounded 
and had a diameter of 7.5 cm. The patient denied a 
history of ear disease or trauma. The findings on oto- 
microscopy were normal on both sides. An audio- 
gram revealed a bilateral, symmetric, high-frequency 
sensorineural hearing loss with near-normal speech 
discrimination. Other than hypertension and a recent 
transurethral prostatectomy for benign disease, the 


We recently treated 2 patients with cranial chole- patient was healthy. In the axial projection, a com- 
steatomas involving the temporal bone. These lesions puted tomography scan demonstrated a large, expan- 
had some of the characteristics of previously reported sile lesion involving the right mastoid process and 
DCs, but their clinical and imaging features raised posterior cranial fossa (Fig 1). Coronal views showed 
the possibility that they originated not within the ta- that the lesion also extended into the middle cranial 
bles of the skull, but at the asterion, or occipitopa- fossa. The attic, middle ear space and its contents. 


rietotemporal suture. This observation prompted a inner ear siructures, and facial canal were intact (Fig 
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Fig 1. (Case 1) Noncontrast computed tomography scan 
of temporal bone (axial projection). Note extensive de- 
struction of occipital bone. Arrow indicates mastoid in- 
volvement. Inset) Coronal section through attic and 
middle ear documents their normal appearance. 


|. inset). The mastoid tip and its air cells were pre- 
served. Magnetic resonance imaging demonstrated a 
6 x T-cm extradural mass involving the medial and 
posterior cranial fossae. The sigmoid and transverse 
sinuses were obliterated by the lesion, which was 
bright on T2-weighted sequences and gave an inter- 
mediate signal on Tl-weighted images (Figs 2 and 
3j. 


—— 
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Fig 2. (Case 1) T2-weighted magnetic resonance image 
in axial projection demonstrates extradural nature of le- 
sion. Bright appearance of mass Is characteristic of chole- 
steatoma. 





Fig 3. (Case 1) Tl-weighted magnetic resonance image 
in coronal projection further demonstrates extr idural na 
ture and massive size of lesion. 


The mass was explored through a large C-shaped 
midoccipital incision. Its extradural nature was con- 
firmed. and its limits were delineated. Since the ma- 
trix of the mass in contact with the dura was bonded 
to it, complete excision would have required resec- 
tion of the posterior and middle fossa dura, along 
with the transverse and sigmoid sinuses and the vein 
of Labbe. Therefore, it was elected to evacuate the 
lesion's keratinaceous contents and to resect its lat- 
eral lining to its point of contact with the dura and 
mastoid cavity. In the temporal bone, the lesion ex- 
tended to the antrum, but did not involve the aditus, 
and there was no disease extending below the dome 
of the lateral semicircular canal. The attic and its con- 
tents were normal. At the extreme anterior extension 
of the lesion (antrum), no matrix was present, but a 
small amount of free squamous debris was encoun 
tered. The posterior superior external ear canal wall 
was left intact. The air cells posterior to the attic were 
exenterated along with those of the mastoid tip and 
retrofacial space. Thereafter, a large temporalis fas- 
cia graft was harvested and placed so as to separate 
the lateral extent of the attic from the evacuated mass. 
The bony defect was repaired with a lightw eight ti- 
tanium mesh. Histologic study confirmed the diagno- 
sis of cholesteatoma. The patient has done well and 
had no new sensory or neurologic deficits for 2 years 
after surgery. Imaging performed 14 months after sur- 
gery showed a small amount of residual cholesteato- 
ma at the surgical site. Lifelong follow-up is planned. 


Case 2. A 35-year-old man presented with a 12- 
month history of headaches. He was otherwise in good 
health and had no other symptoms. A physical exam- 
ination was significant for a 2 x 2-cm, slightly ten- 
der defect located 4 cm posterior to the postauricular 
sulcus in the region of the right occipitoparietotem- 
poral suture. Magnetic resonance imaging docu- 
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Fig 4. (Case 2) T2-weighted magnetic resonance image 
in axial projection. Note lack of extracranial expansion 
of lesion. Arrows point to skull defect documented at sur- 
gery as corresponding to asterion. 


mented this defect and showed a 3.5 x 3.5-cm lesion 
in the posterior cranial fossa. abutting the posterior 
edge of the mastoid process and extending superior- 
ly to the level of the tentorium (Fig 4). The lesion 
was operated upon through a postauricular incision 
placed just behind the skull defect, which was cir- 
cumferentially enlarged to expose the whole extent 
of the lesion. The retrosigmoid air cells were entered. 
but they were not involved by the mass. It contained 
dense, highly packed squamous debris and was his- 
tologically confirmed as a cholesteatoma ( Fig 5). The 
lesion was completely evacuated, but for reasons 
similar to those in case 1, block resection of its ma- 
trix was limited to the portion without dural contact. 
Under high magnification, fragments of the matrix 
that could be peeled off the dura without risk of 
breaching it were excised in an effort to prolong the 
recurrence interval. The patient did well after sur- 
gery. Yearly imaging studies are planned. 


DISCUSSION 


The cholesteatomas reported here may be inter- 
preted as the same type of lesion with a difference of 
30 years in evolution. The extramastoid origin of case 
2 is indisputable, but case | could be misdiagnosed 
as an acquired or congenital mastoid cholesteatoma 
extending intracranially. Acquired disease is readily 
excluded, since the patient had a normal middle ear 





Fig 5. (Case 2) Photomicrograph of pathological find- 
ings (H & E, original x10). Mass is lined by squamous 
epithelium (E), and its contents are composed of lamel- 
lar keratin (K). 


and no history of otitis media, but the possibility of 
a congenital temporal bone lesion merits further scru- 
tiny. A probable source for congenital cholesteatomas 
was identified by Michaels? in the epidermoid for- 
mation, an epithelial middle ear tuft present in 10- to 
33-week-old human fetuses. Cholesteatomas deriv- 
ing from involutional failure of this remnant would 
arise in the anterior mesotympanum and grow to in- 
volve the eustachian tube and ossicles and. in ad- 
vanced stages, the mastoid air cells. Michaels? also 
proposed that caudal migration of the epidermoid for- 
mation could occur and result in more posteriorly 
located lesions, but recent work does not support this 
hypothesis. Cytokeratin analysis of 20 human tem- 
poral bones ranging in age from 20 weeks’ gestation 
to 8 months’ postnatal age by Liang et al* showed 
that the epidermoid formation is confined to the lat- 
eral wall cf the anterior half of the middle ear cavity. 
Other, more posteriorly located epithelial thickenings 
included in this study failed to show expression of 
cytokeratins 10 and 14, thereby excluding themselves 
as possible cholesteatoma sources. It is clear. then. 
that the mastoid involvement in case 1 was a conse- 
quence of the growth of a cranial cholesteatoma with 
a more caudal point of origin. 


To date. there have been 12 cranial lesions with 
temporal bone involvement reported as DCs^9-13 (see 
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CRANIAL CHOLESTEATOMAS WITH TEMPORAL BONE INVOLVEMENT 


Size Intracranial Extracranial 
Authors Year | Age(y) Sex Site (cm) Symptoms Extent Extent 
Cushing? 1922 40 M TPOL 13 Mass 44- 14 
King!? 1939 28 M  XTPFR 7 Hemiparesis, diplopia A+ 14 
Monroe and Wegner!! 1937 37 F TR NA Headaches NA NA 
Rand and Reeves!? 1943 54 F TR 4.5 Seizures 1+ 2+ 
Tytus and Pennybacker!l? 1956 60 M FTR NA Seizures 4+ 1+ 
Canale et al!4 1974 46 M TPOR 14 Mass, headaches A+ l+ 
Nager!’ 1975 21 F FTL 4 Mass 1+ 3+ 
Constans et al!® 1985 59 M TPOR 7 Mass, headaches 3+ 3+ 
Rubin et al!” 1989 21 F TR NA Headaches NA NA 
17 M TPR NA Mass NA NA 
Ciappetta et al!8 1990 14 F TL NA Mass NA NA 
Miller et al 1994 19 M TL 25 Mass i+ 2+ 
Present study 63 M TPOR 7.5 Mass A+ 2+ 
35 M TPO R 3.5 Headaches 4+ — 
T — temporal; P — parietal; O — occipital; F — frontal; NA — not available; — — none; 1+-— minimal; 2+ to 3+ — moderate; 4+ — more than 
4 cm. 


Table). Half^12.16.17 were described as limited to the 
temporal bone, but an analysis of these cases indi- 
cated that at least 1, measuring 7 cm in diameter,}® 
also involved the parietal and occipital bones. Of the 
remaining 6, 2 appeared centered at the asterion,?:!4 
and 4 were anteriorly located and predominantly in- 
volved the frontal bone!®!3.15 or parietal bone.!7 In 
the 5 DCs limited to the temporal bone and in the 4 
with predominantly frontal or parietal involvement, 
there was expansion of the tables of the skull, and 
their main growth was extracranial. At surgery, the 
inner table remnant was usually dehiscent, but pro- 
vided enough separation from the dura to allow fora 
complete resection of the cholesteatoma. The 3 le- 
sions involving the temporal, parietal, and occipital 
bones?:!4.16 were very similar to the 2 described here. 
They were the largest among the reported DCs, they 
had no remnants of either cranial table surrounding 
them, and their predominant growth was intracranial. 
At surgery, their matrix was intimately attached to 
the dura, preventing their complete excision, and their 
epicenter (especially noticeable in our case 2) ap- 
peared to be the occipitoparietotemporal junction, 
which is the location of the mastoid fontanelle in the 
newborn. 


Given that the clinical features of the 5 cranial 
cholesteatomas centered at the asterion differed sig- 
nificantly from those generally ascribed to DCs, it is 
reasonable to consider a different mechanism for their 
origin. The more logical explanation is that they arose 
from squamous epithelium trapped within the suture 





sometime during the closure of the mastoid fonta- 
nelle. 


The development of cranial sutures is a complex 
and prolonged process that begins in early embryo- 
genesis and ends in the third decade of life, when 
their fusion is completed.!? Sutures are major sites 
of intramembranous osteogenesis, but in order to 
function as such, they need to remain patent, while 
allowing rapid bone formation at the edges of their 
bone fronts.20?! During this process, the bone fronts 
invade and recruit the intervening mesenchyme into 
their advancing edges, thereby separating it into an 
outer, periosteal layer and an inner, dural layer.?? Both 
layers appear related to bone development, but the 
ectoperiosteum may also be associated with form- 
ing dermis.?!.22 


Fontanelles occur where more than 2 cranial bones 
meet and are constituted by dura, periosteum, and 
skin. Their closure likely follows steps similar to 
those of simple sutures, wherein their persistent pa- 
tency, along with active involvement of all primitive 
layers, may provide a setting in which trapping of ec- 
todermally derived squamous cells can occur. Chole- 
steatomas resulting from such entrapment would have 
the characteristics of the ones presented here, and 
should be best defined as implantation or suture chole- 
steatomas, rather than DCs. Epithelial implantation: 
as a source of congenital cholesteatomas has been 
previously hypothesized by Friedmann,” but to our 
knowledge, evidence supporting it has not been pre- 
viously reported. 


ACKNOWLEDGMENT —- The authors are grateful to Catalina Carreon for her help in the preparation of the manuscript. 


REFERENCES 


1. Muller J. Uber den feinen Bau un die Foramen der Krank- 
haften Geschwulste. Vol 1. Berlin: G Reimer, 1838:50. 


2. Bailey P. Cruveilhier's "tumeurs perlées." Surg Gynecol 
Obstet 1920;31:390-418. 


782 Canalis et al, Implantation Cholesteatomas 


3. Mahoney W. Die Epidermoide des zentral nerven Sys- 
tems. Z Neurol Psychiatry 1936:155:416-66. 


4. Miller PJ, Hoffman R, Holliday R. Intradiploic epider- 
moid of the temporal bone: case history and literature review. 
Otolaryngol Head Neck Surg 1994:111:827-31. 


5. Darrouzet V, Pescio P, Chambrin A, San Galli F. Bebear 
JP. Clinical case: apropos of a case of unilateral bifocal. tempo- 
ral and occipital cholesteatoma [in French]. Rev Laryngol Otol 
Rhinol (Bord) 1997;118:323.5. 

6. Michaels L. An epidermoid formation in the developing 


middle ear: possible source of cholesteatoma. J Otolaryngol 
1986:15:169-74. 


7. Michaels L. Evolution of the epidermoid formation and 
its role in the development of the middle ear and tympanic mem- 
brane during the first trimester. J Otolaryngol 1988:17:22-8. 


8. Liang JN, Chrobok V, Michaels L. Wright A. Incidence 
and cytokeratin analysis of the epidermoid formation. Tempo- 
ral Bone Banks Registry 2000:8:1-8. 


9. Cushing H. A large epidermal cholesteatoma of the parie- 
totemporal region deforming the left hemisphere without cere- 
bral symptoms. Surg Gynecol Obstet 1922:34:557-63. 


I0. King JEJ. Extradural diploic and intradural epidermoid 
tumors (cholesteatomas) Ann Surg 1939:109:649-88. 


11. Monroe D, Wegner W. Primary cranial and intracranial 
epidermoids and dermoids. N Engl J Med 1937:216:3779-83. 


12. Rand CW, Reeves DL. Dermoid and epidermoid tumors 
of the central nervous system. Arch Surg 1943;46:350-92. 


13. Tytus JS, Pennybacker J. Pearly tumors in relation to the 
central nervous system. J Neurol Psychiatry 1956;19:241-59. 


14. Canale DJ, Clarke HA, Pak YH, Burton WD. Giant pri- 
mary intradiploic epidermoid tumor of the skull: case report. 
Surg Neurol 1974;2:51-4. 


15. Nager GT. Epidermoids involving the temporal bone: 
clinical radiological and pathological aspects. Laryngoscope 
1975:85(suppl 2). 


16. Constans JP, Meder JF, De Divitiis E, Donzelli R. Maiuri 
F. Giant intradiploic epidermoid cysts of the skull. Report of 
two cases. J Neurosurg 1985:62:445-8. 


17. Rubin G, Scienza R, Pasqualin A, Rosta L. Da Pian R. 
Craniocerebral epidermoids and dermoids. A review of 44 cases. 
Acta Neurochir (Wien) 1989:97:1-16. 


18. Ciappetta P, Artico M, Salvati M, Raco A. Gagliardi FM. 
Intradiploie epidermoid cysts of the skull: report of 10 cases 
and review of the literature. Acta Neurochir (Wien) 1990:102: 
33e, 


19. Madeline LA, Elster AD. Suture closure in the human 
chondocranium: CT assessment. Radiology 1995;196:747-56. 


20. Kokich VG. The biology of sutures. In: Cohen MMS. 
ed. Craniosynostosis: diagnosis, evaluation and management. 
New York, NY: Raven Press, 1986:81-103. 


21. Opperman LA. Cranial sutures as intramembranous bone 
growth sites. Dev Dyn 2000;219:472-85. 


22. Opperman LA, Sweeney TM, Redmon J, Persing JA, Ogle 
RC. Tissue interactions with underlying dura mater inhibit os- 
seous obliteration of developing cranial sutures. Dev Dyn 1993; 
198:312-22. 


23. Friecmann I. Pathology of the ear. Oxford. England: 
Blackwell Scientific, 1974:99- 103. 


Ann Otol Rhinol Laryngol 111:2002 


COMPLICATION-FREE LARYNGEAL SURGERY AFTER IRRADIATION 
FAILURE WITH PROSTAGLANDIN E1 ADMINISTRATION 


= KtyoTo SHIGA, MD 


MASARU TATEDA, MD SHIGERU SAIJO, MD 
NATORI, JAPAN 


To examine the usefulness and efficacy of administration of prostaglandin E1 (PGE1) after laryngeal surgery in patients who 
were previously treated with radiotherapy, we retrospectively examined the clinical data of 12 patients who had undergone partial 
laryngectomy and 21 patients who had undergone total laryngectomy. Complications were observed in 5 of the 7 cases treated with 
partial laryngectomy without PGE! administration, while no complications were observed in the 5 cases treated with PGE! after 
operation. Also, complications, including major leakage, were observed in 6 of the 15 patients who underwent total laryngectomy 
without PGE1, and no complications were observed in the 6 patients who received PGE1. The hospital stay was shorter for the 
patients treated with PGE! than for those not receiving such treatment. Although this study was a small, nonrandomized pilot trial, 
the results indicated that PGE1 administration may be useful and effective for patients who undergo laryngeal surgery after irradia- 
tion failure, in decreasing the risk of postoperative complications and increasing the quality of life of the patients. 


KEY WORDS — complication, irradiation failure, laryngeal cancer, prostaglandin E1. 


INTRODUCTION to respond to radiotherapy underwent partial laryn- 
gectomy at Miyagi Cancer Center Hospital from No- 
vember 1993 to April 2000. The surgical procedure, 
vertical frontolateral partial laryngectomy, was per- 
formed according to the method described by Ha- 
yashi et al!3 and by Denecke.!? Meanwhile, total lar- 
yngectomy was conducted in 21 patients with laryn- 
geal cancer who failed to respond to radiotherapy in 
our hospital from July 1993 to January 2001. The 
same surgeons performed all of the operations dur- 
ing these periods. On the basis of histologic exami- 
nation, all of the removed tumors were diagnosed as 
squamous cell carcinoma. Prostaglandin E! at 120 
ug/d was administered intravenously in 5 of the 12 
patients after partial laryngectomy starting in Septem- 
ber 1998, and in 2 of the 21 patients after total laryn- 
gectomy starting in April 1999, for a maximum dura- 


Radiotherapy is the primary treatment of choice 
for early glottic cancer of the larynx in many hospi- 
tals, because it has a high rate of efficacy associated 
with a low rate of morbidity and retention of a rea- 
sonably normal voice.!> In a small number of pa- 
tients in whom radiotherapy has failed to control the 
tumor, surgery represents a salvage option.9-!? Laryn- 
geal surgery (cordectomy, partial laryngectomy, or 
total laryngectomy) is needed for patients who fail 
to respond to radiotherapy. However, many studies 
have reported an increased incidence of postopera- 
tive complications such as necrosis of the skin flap, 
leakage, cutaneous fistula, wound infection, abscess 
formation, and perichondritis in such patients as com- 
pared with those treated initially with surgery. 


Prostaglandin E1 (PGE1) is a prostanoid known tion of 2 weeks. The same dosage of PGE! was ad- 
to relax the blood vessels and increase the blood ministered intravenously to 4 patients who underwent 
flow.!4.!5 Although its potential for improving preop- total laryngectomy, before and after operation, to re- 
erative, perioperative, and postoperative status has duce the duration of PGE! administration, starting in 
been reported in animal models, as well as in pa- June 2000. Detailed profiles of the patients are pre- 
tients after various types of surgery, there have been sented in Tables 1 and 2. The only factor used to se- 
few reports describing its results in patients who have lect patients for PGE! treatment was the period in 
undergone laryngeal surgery after irradiation failure. which they underwent surgery. There was no signifi- 

Herein, we report the usefulness and effectiveness cant difference between the patients who received 
of PGE! administration after laryngeal surgery in pa- PGE! and those who did not as to age, physical sta- 
tients who had been previously treated with radiother- tus, total dose of radiation, or interval between cessa- 
apy. tion of radiotherapy and surgical treatment. The pa- 


PATIENTS AND METHODS tients listed in Table 2 as cases 18 and 21 are the 
D same patients listed in Table | as cases 8 and 10, re- 
Twelve patients with laryngeal cancer who failed spectively. 
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TABLE 1. PATIENTS WHO UNDERWENT PARTIAL LARYNGECTOMY AFTER RADIOTHERAPY 




















Total Dose 
of Radiation Length Hospital 
Age TNM Date of and Interval of PGEI Postoperative — Stay After 
Patient (y) Sex | Classification* Operaticn Before Operation | Administration (d) C omplications | Surgery (d) 
| 73 M T2NOMO Nov 17, 1993 80 Gy, 2 y None Flap necrosis, 89 
(other hospital) infection 
2 58 M TlaNOMO Apr 14, 1995 62 Gy, 8 mo None Ulcer formation 29 
3 39 M TlaNOMO Feb 2, 1996 67.5 Gy, 2 mo None None 25 
4 69 M TlaNOMO May 30,1697 70 Gy, 4 mo None Perichondritis 34 
(other hospital) 
5 59 M T2NOMO Jun 11, 1997 70 Gy, 2 mo None Flap necrosis, 18 
infection 
6 69 M T2NOMO Feb 27, 1998 70 Gy, 11 mo None Flap necrosis, 18 
infection 
7 66 M TlaNOMO Jul 31, 1998 68 Gy, 2 y None None 10 
47 M TIbNOMO Sep 11, 1998 80 Gy, 5 mo 13 None 19 
(other hospital) 
9 70 M T3NOMO Oct 16, 19€8 70 Gy (+ chemo- 14 None 17 
therapy), 9 mo 
10 5] M TlaNOMO Jul 23, 1999 65 Gy, 3 y 5 mo 14 None 15 
11 80 M TlaNOMO Feb 2, 2000 70 Gy, 3 mo 6 None 
(other hospital) 
12 63 M T2NOMO Apr 11, 2000 60 Gy, 3 y 1 mo 8 None |] 


(other hospital) 


PGE! — prostaglandin E1. 


*TNM classification was made before initial treatment (radiotherapy ). 





statistical analyses of the data were performed by 
X^ test and r-test. 


RESULTS 


Of the 7 patients who underwent partial laryngec- 
tomy without PGE1 administration after surgery, 5 
showed postoperative complications: necrosis of the 
skin graft and infection in 3 patients, ulcer forma- 
tion in | patient, and perichondritis in | patient ( Ta- 
ble 1). The total dose of radiation in these patients 
ranged from 62 to 80 Gy, and the time from initial 
treatment to the salvage operation ranged from 2 
months to 2 years. The hospital stay after partial lar- 
yngectomy was 10 to 89 days, with a mean of 31.9 
days. 

Of the 5 patients who underwent partial laryngec- 
tomy and had postoperative PGE! administration. 
none showed postoperative complications. The ab- 
sence of side effects or complications is considered 
to be due to the PGE! administration. The skin of all 
patients who received PGE1 was flushed from dila- 
tation of the skin capillaries — a finding suggesting 
that PGE! increased the blood supply to their skin 
(Figs 1 and 2). There was no evidence of cellulitis, 
abscess, or chondritis, and the patients experienced 
no pain, fever, leukocytosis, or purulent discharge 
from the wound during the postoperative period. The 
total dose of radiation in these patients was between 
60 and 80 Gy, and the time interval from initial treat- 


ment to the salvage operation ranged from 5 months 
to 3 years 10 months. The hospital stay after partial 
laryngectomy was 9 to 19 days, with a mean of 14.2 
days. 


The incidence of postoperative complications was 
significantly higher in the patients without PGEI ad- 
ministration than in the patients with PGE! adminis- 
tration (p — .013). Although statistical analysis showed 
no significant difference, the postoperative hospital 
stay of the patients who received PGE! was shorter 
than that of the patients who did not (Table 3). The 
PGE! administration caused no side effects such as 
hemorrhagic tendency or hypotension. 


Of the 15 patients who underwent total laryngec- 
tomy after irradiation failure without PGE! adminis- 
tration, 6 showed postoperative complications: ma- 
jor leakage followed by cutaneous fistulas in 5 pa- 
tients and subcutaneous necrosis and infection in 1 
patient. The total dose of radiation in these patients 
was between 40 and 80 Gy, and the interval from the 
initial treatment to the salvage operation ranged from 
| month to 9 years 8 months. The hospital stay after 
total laryngectomy was 17 to 77 days, with a mean 
of 33.8 days. 


Of the 6 patients who underwent total laryngec- 
tomy with (preoperative and) postoperative PGE! ad- 
ministration, none had postoperative complications. 


y 
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TABLE 2. PATIENTS WHO UNDERWENT TOTAL LARYNGECTOMY AFTER RADIOTHERAPY 


Total Dose 
of Radiation Length Hospital — 
"Age TNM. Date of and Interval of PGE! Postoperative Stay After 
Patient (y) Sex Classification Operation Before Operation Administration (d) Complications Surgery (d) 
I 61 M rI3NOMO Jul 28, 1993 40 Gy, 1 mo None Wound infection, 77 
, (other hospital) abscess 
2 15 M rT3NOMO Jun 8, 1994 45 Gy, 7 y; 35 Gy, None Leakage, cutaneous 36 
4 y (other hospital) fistula 
3 635 M rT3NOMO Sep 28, 1994 64 Gy, 5 mo None None 21 
4 67 M rI4NOMO Feb 24, 1995 2,8y 5 mo None None 17 
(other hospital) 
5 70 M rTIbDNOMO Jun 1, 1995 36 Gy, 5 y; 30 Gy, ly None _ None 21 
4 mo (other hospital) . 
6 58 M rT4NOMO Apr 5, 1996 70 Gy, 3 y 10 mo None Leakage, cutaneous 61 
fistula 
7 39 M rT4NOMO Oct 23, 1996 67.5 Gy, 11 mo ` None None 22 
8 63 M  rT2NOMO Jan 17, 1997 60 Gy, 3 y None — None 26 
9 65 M rT3N0MO Feb 28, 1997 70 Gy, 5 y 7 mo None Leakage, cutaneous 30 
(other hospital) fistula 
10 62 M rT2NOMO May 7, 1997 66 Gy, 8 mo None None 17 
11 60 M rT3NOMO May 21,1997 70Gy,1y8mo None None 21 
12 74 M rT2NOMO Aug 22, 1997  68Gy,1y3 mo None None 15 
13 55 M rT2NOMO Dec 10, 1997 70 Gy, 3 mo None Leakage, cutaneous 58 
fistula 
14 66 M rI2NOMO Aug 19,1998 71 Gy, 5y5 mo None None 19 
15 68 M rT2NOMO Apr 27, 1999 40 Gy, 9 y 8 mo None Leakage, cutaneous 66 
(other hospital) fistula 
16 63 M rT2NOMO Apr 30, 1999 70 Gy, 2 mo 14 None 17 
17 65 M rT2NOMO May 19,1999 70 Gy, 11 mo 14 None 24 
18 48 M YT2NOMO Jun 2, 2000 80 Gy, 2 y 2 mo | 9* None 18 
(other hospital) | 
19 83 M rT1bNOMO Sep 2, 2000 65.5 Gy, 4 y 4 mo 10* None 277 
20 62 M rT2NOMO Nov 17,2000 70Gy,2y 11* None 20 
(+ chemotherapy) 
21° 53 M rÍ2N2cMO Jan 5, 2001 65 Gy, 4 y 10 mo Q* None 15 


*Including preoperative administration. 
{This patient had irritable colon after operation. 


Again, the absence of complications is thought to be 
due to PGE1 administration. The total dose of radia- 
tion in these patients was between 65 and 80 Gy, and 
the interval from the initial treatment to the salvage 
operation ranged from 2 months to 4 years 10 months. 
The hospital stay after total laryngectomy was 15 to 
27 days, with a mean of 20.2 days. 


Incidentally, patients who underwent total laryn- 
gectomy without PGE1 administration tended to have 
a higher T stage (T1-T4) than did those who received 
PGE1 (T1-T2). The incidence of postoperative com- 
plications was higher in the patients without PGE1 
administration than in those with PGE1 administra- 
tion, although no significant difference was observed 
by statistical analysis. Although statistical analysis 
showed no significant difference, the postoperative 
hospital stay of the patients who received PGE1 was 
shorter than that of the patients who did not (Table 
3). 


Finally, the incidences of postoperative complica-: 
tions and the lengths of the postoperative hospital stay 
after all laryngeal surgeries were compared between 
the patients, ie, those treated with partial and total 
laryngectomy with and without PGE1 administration. 
The incidence of postoperative complications was 
significantly higher in the patients without PGE! ad- 
ministration than in those with such administration 
(p = .0041). Although statistical analysis showed no 
significant difference, the postoperative hospital stay 
of the patients who received PGEI was shorter than 
that of the patients who did not (p = .058; Table 3). 


DISCUSSION 


This is the first report describing the usefulness 
and efficacy of PGE1 administration after laryngeal 
surgery in patients who had not responded to radio- 
therapy. It should first be mentioned that the hospi- 
tal stay of patients after surgery tends to be longer in 
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Fig 1. Fifty-one-year-old man (patient 10 in Table |) who underwent partial laryngectomy at our hospital on July 23, 1999, A) 
Local findings just after surgery. Laryngostomy wzs performed, and endotracheal tube can be seen. B) Local findings on 10th 
postoperative day. Flushing was observed in skin around wound. There were no complications such as necrosis of skin flap, 
infection or abscess, or perichondritis. 


Japan than that of patients in other areas such as 
Europe, because of differences in the insurance SYS- 
tems. 


Many patients who fail to respond to radiotherapy 
against laryngeal cancer suffer from postoperative 
complications such as leakage, fistula formation, skin 
necrosis, perichondritis, and abscess formation. In 
our hospital, we have so far experienced no postop- 
erative wound complications in patients with laryn- 
geal cancer who were initially treated with laryngeal 
surgery. Furthermore, there have been previous re- 
ports of various postoperative complications o? laryn- 
geal surgery after irradiation failures. !? For exam- 
ple, Hayashi et al! reported a high frequency (42%) 





A 


of postoperative complications after partial laryngec- 
tomy. As they used almost the same method that we 
used for our patients, reference to their results was 
useful in assessment of our results. The rate of com- 
plications for the patients who did not receive PGE| 
was extremely high in this study. Perhaps this was a 
result of the operative procedure we use, in which 
the tension of the skin flap is very high because of 
the formation of a laryngostoma. These reported com- 
plications were thought to be brought about by insuf- 
ficiency of microcirculation in the skin or mucosa 
due to the patients’ prior radiotherapy. 


The effects of PGE! on the blood flow of arteries. 
arterioles, and capillaries have been well studied in 





| 


2 Y 
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Fig 2. Forty-seven-year-old man (patient 8 in Table 1) who underwent partial laryngectomy at our hospital on September 11, 
1998. A) Local findings on 6th postoperative day. L iryngostomy was performed. B) Local findings on 18th postoperative day. 
Flushing was observed in skin around wound. There were no complications such as necrosis of skin flap, infection or abscess. 


or perichondritis. 


v 


+ 
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TABLE 3. COMPLICATIONS AND HOSPITAL STAY 
i AFTER SURGERY 


Hospital Stay 
After Surgery 
(d; mean € SD) 


No. of | Complications 
Patients + — 


Partial laryngectomy after radiotherapy 


With PGE] 5 0(0%)  5(1009) 14.2 +23.7 
Without PGE1 7 5(71%) 2(299) 31.9+26.4 
p =.013* p= .102+ 


Total laryngectomy after radiotherapy 


With PGE! 6 00%) 6(100%) 20.2+4.1 
Without PGE1 15 6 (40%) 9(60%) 33.8+21.7 
p= .067* . p= .16+ 


All laryngeal surgery after radiotherapy 


With PGE! 11  0(09) 11(1009) 17.5+4.9 

Without PGE: 22 11 (50%) 11(50%) 33.2+21.6 
p= .0041* p= .058T 

*y2 Test. 

Tt- Test. 


animal models.!^.15.17 There have been several stud- 
ies concerning such effects in humans. Prostaglan- 
din E1 has been found to be useful in alleviating is- 
chemia in patients with peripheral arterial occlusive 
disease,!9:1? improving blood flow after esophagecto- 
my,20?! maintaining patients after cardiovascular sur- 
gery,2223 performing free flap salvage,”4 and so on. 
However, to date, there have been no studies clarify- 
ing the effects of PGE1 in postoperative patients who 
failed to respond to irradiation. In our case, the blood 


supply to the skin of the patients dramatically in- 


creased, resulting in flushing due to dilatation of the 
skin capillaries (Figs 1 and 2). This may be the first 
report to show macroscopically the effect of PGE1 
on the skin of patients who undergo laryngeal sur- 
gery after irradiation failure. 


It should be emphasized that there were no appar- 
ent side effects or complications of PGE! adminis- 
tration in our study. However, potential side effects 
such as hypotension, bleeding from the wound, pul- 
monary edema, leukocytopenia, and phlebitis have 
been clinically noted. Perhaps our fixed dosage of 
120 ug/d is appropriate in such patients for avoiding 
side effects and complications. 


Our finding that postoperative complications can 
be effectively curtailed by PGEi administration is 
good news for patients who have failed to respond 
to radiotherapy. 


Unfortunately, the number of subjects we were 
able to study was restricted, because this trial was 
limited to patients in whom surgery was carried out 
after failure of initial radiotherapy. However, even 
though the number of patients was small, significant 
differences regarding postoperative complications 
were shown by statistical analysis in the patients who 
underwent partial laryngectomy. No significant dif- 
ference was observed in the patients who underwent 
total laryngectomy because of the low number of pa- 
tients who received PGE1. Moreover, it should be 
mentioned that as patients who underwent total lar- 
yngectomy without PGE1 administration tended to 
have higher T stages than those who received PGE1 
administration, it is possible that there may be other 
reasons why patients with the more advanced tumors 
tended to have more wound healing problems. How- 
ever, it is likely that the PGE1 administration was 


useful and effective for the avoidance of postopera- 


tive complications in the patients who underwent to- 
tal laryngectomy, as well as in those who underwent 
partial laryngectomy, as there were no postoperative 
complications after surgery and the postoperative 
hospital stay was shorter for the patients who received 
PGE1. As this study was a small, nonrandomized pilot 
trial, a larger study with randomization of the pa- 
tients and a larger number of patients is needed for 
assessment of the usefulness and effectiveness of 
PGE! administration in patients who undergo laryn- 
geal surgery after irradiation failure. 


We intravenously administered PGE1 to the pa- 
tients for 2 weeks at maximum. The medical cost to 
the patients who underwent partial laryngectomy with 
postoperative PGE1 administration was lower than 
that of the patients who did not receive PGE1 (data 
not shown). However, no significant difference as to 
medical cost was observed between these two groups. 
In patients with laryngeal cancer who fail to respond 
to radiotherapy and subsequently undergo surgery, 
PGE1 administration at an appropriate dosage should 
lead to lower medical costs and an improved quality 
of life. 


CONCLUSION 


Administration of PGE1 may have effects that lead 
to decreased postoperative complications in patients 
who undergo laryngeal surgery after irradiation fail- 
ure. Further basic and clinical research is required to 
more fully investigate this possibility. 
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We developed a technique of fiberoptic laryngeal surgery for the treatment of vocal process granulomas. In this system, the 
granuloma can be removed relatively easily and repeatedly under topical anesthesia on an outpatient basis. We treated 27 patients for 
a total of 4 intubation granulomas and 23 contact granulomas. Ten of the 23 contact granulomas recurred after the initial surgery, but 
the intubation granulomas did not recur. Most of the recurrent lesions were resolved by fewer than 3 procedures, and all patients were 
finally cured. Although conservative therapies such as voice therapy and proton pump inhibitors have recently prevailed, surgical 
removal remains useful in treating vocal process granulomas. Fiberoptic laryngeal surgery facilitates repeated surgical procedures. 


KEY WORDS — fiberoptic laryngeal surgery, topical anesthesia, vocal process granuloma. 


INTRODUCTION 


Granulomas of the larynx usually occur on the vo- 
cal process, and can be classified in terms of the caus- 
ative factor: intubation, hyperfunctional, and hyper- 
acidic granulomas.! So-called contact granuloma in- 
volves hyperfunctional and hyperacidic granulomas. 
Postintubation granuloma often arises after prolonged 
intubation. The intubation tube can induce injury to 
the epithelial mucosa of the vocal process. 


Jackson? described contact ulcer on the vocal pro- 
cess that might be derived from vocal abuse and 
might cause a granuloma. Patients with contact gran- 
ulomas tend to speak in a low-pitched voice with a 
hyperfunctional phonatory pattern that should in- 
crease the force between the vocal processes when 
they contact each other during phonation. Hyperacid- 
ic granuloma has been recognized since Cherry and 
Margulies? postulated the etiologic factor of vocal 
process granuloma to be gastroesophageal reflux 
(GER). More recently, it was confirmed that gastric 
acid easily bathes the posterior glottis in GER pa- 
tients, and thus may cause a chronic inflammatory 
change in the posterior glottis.4 Contact granuloma 
can arise more frequently in these patients. 


In the treatment of vocal process granuloma, sur- 
gical removal was formerly common, but the out- 
come of surgery was disappointing because of the 
high rates of recurrence, especially of hyperfunction- 
al and hyperacidic granulomas. The recent prevail- 
ing treatment is voice therapy in patients with hyper- 
functional granuloma, and antacid therapy for hyper- 


acidic granuloma. Surgical removal has come to be 
avoided, and some authors have even considered sur- 
gery to be contraindicated.! It is certain that voice 
therapy and antacid treatments have good effects on 
some patients. However, resolving granuloma by 
these conservative therapies usually takes a long time, 
and the therapeutic results have not always been suf- 
ficient. 


The reason surgery has been resisted for refrac- 
tory granuloma may be that endoscopic microsur- 
gery under general anesthesia would be necessary 
for each recurrence, and would impose considerable 
economic and physical burden on the patients. Ad- 
ditionally, the intubation tube obstructs the surgical 
view of the posterior glottis, hence making the pro- 
cedure more difficult and possibly insufficient. We 
have developed fiberoptic laryngeal surgery with top- 
ical anesthesia for phonomicrosurgical treatment.®/ 
This procedure enabled us to perform precise laryn- 
geal surgery more easily as outpatient surgery, and 
thus has helped us carry out surgical treatment re- 
peatedly for a refractory lesion. Furthermore, vocal 
process granuloma is a good indication for this pro- 
cedure, because there is no obstruction such as an 
intubation tube in the surgical field. After 1991, we 
adopted this surgical method as our main strategy 
for treating vocal process granuloma, with or with- 
out other conservative remedies. In the present re- 
port, we review the surgical results of this procedure 
retrospectively, and discuss the strategies used in 
treating laryngeal granuloma. 
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Fig 1. System of fiberoptic laryngeal surgery under topi- 
cal anesthesia. | — fiberscope; 2 — monitor. 


MATERIALS AND METHODS 


Patients. Twenty-eight patients with vocal process 
granuloma underwent fiberoptic laryngeal surgery 
under topical anesthesia in our department between 
1991 and 1999, Twenty-one were male. and the other 
7 were female. Their ages ranged from 23 to 74 years, 
with a mean age of 54 years. 


Five patients had granulomas following intuba- 
tion. The granulomas were unilateral in 3 cases and 
bilateral in the other 2. Two patients had unilateral 
hyperfunctional granulomas as a result of vocal 
abuse. Twenty-one patients were considered to have 
unilateral granulomas caused by reflux laryngitis. Re- 
flux was determined by endoscopic laryngeal find- 
ings and reflux symptoms. The endoscopic findings 
involved thickened interarytenoid mucosa, so-called 
pachydermia, erythema and edema of the arytenoid 
cartilages, and infraglottal edema. The symptoms in- 
cluded chronic cough, throat irritation, globus sen- 
sation, throat pain, and hoarseness. A patient with at 
least 1 endoscopic finding accompanied by at least 1 
reflux symptom was considered to have acidic granu- 
loma. The group with hyperfunctional granuloma 
consisted of patients with hypertonic movement of 





Fig 2. Specially developed fine-tipped forceps. Inset) 
Tip opens in horizontal plane. 








Fig 3. Curved needle for steroid injection. 


the glottis and no sign of reflux. 


Surgical Procedure. The patient is seated during 
the operation. For topical anesthesia, 4% lidocaine 
hydrochloride is applied to the mucosal surface of 
the oral cavity, pharynx, and larynx until the gag re- 
flex disappears. An assistant inserts a fiberscope 
(ENF T3, Olympus Co, Tokyo, Japan) connected to 
a charge-coupled device camera system (OTV-S4, 
Olympus Co) transnasally. A high-resolution laryn- 
geal image is displayed on the monitor. The patient 
Is asked to stick out and hold his or her tongue. Then, 
the operator manipulates specially developed surgi- 
cal instruments transorally. The whole system of this 
surgery is shown in Fig 1. Figure 2 shows specially 
developed fine-tipped forceps (Nagashima Co, Osa- 
ka, Japan). and Fig 3 shows a curved injection needle. 


The surgical procedures include excision with for- 
Ceps, steroid injection, and laser vaporization. The 
granuloma in Fig 4 was excised with forceps. When 
the gag reflex is fully suppressed by topical anesthet- 
ic, NO vocal cord movement occurs during surgery 
unless patients vocalize voluntarily. Thus, there is 
no problem for the procedure with vocal cord move- 
ment. When the forceps touch the granuloma, the 
perception of the cartilage of the vocal process is ob- 
tained. Careful manipulation can achieve an appro- 
priate depth perception and prevent damage to the 
perichondrium. In most cases, granulomas can be re- 
moved completely with no remaining tag. When tags 
do remain, additional removal can be easily carried 
out repeatedly until the tags are completely taken off. 
There is no concern about dropping the granuloma 
after grasping it with the forceps, because the for- 
ceps have enough power to hold it. Steroid injection 
can be relatively easily performed with a curved nee- 
dle (Fig 5). Laser surgery is another alternative in 
treating granuloma. In this setting, the KTP laser is 
preferable, because the laser beam is easily shot in 
any direction transorally through the flexible laser- 
leading cable (Fig 6). 


The patients underwent these procedures, and the 
surgical outcomes were reviewed in follow-up peri- 
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Fig 4. Excision of granuloma. A) 
Granuloma on left vocal process 
is indicated by arrow. B-D) Gran- 
uloma is grasped with fine-tipped 
forceps and then removed. 


ods from 6 months to 9 years (mean, 42 months). 


RESULTS 


Intubation Granulomas. One of the 5 patients 
could not tolerate the operation because of a strong 
gag reflex. She underwent endoscopic microsurgery 
under general anesthesia. Three of the other 4 pa- 
tients underwent excision with forceps alone. In the 
other patient, steroids were injected after excision. 
All cases were well controlled with a single proce- 
dure and showed no evidence of recurrence of granu- 
lomas during follow-up periods from 16 to 72 months. 


Hyperfunctional Granulomas. Both patients were 
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treated with simple excision for the first operation. 
One has remained free of disease for 18 months. The 
other demonstrated recurrence 3 months after opera- 
tion, and underwent excision again. The granuloma 
has not recurred in 36 months. Voice therapy was 
not given to these patients, because they could not 
visit our hospital frequently. 


Hyperacidic Granulomas. Of the 21 patients, 9 
(43%) demonstrated recurrence of granulomas after 
the initial procedure. The recurrence rates according 
to the initial procedures were 38% for simple exci- 
sion, 33% for excision with steroid injection, and 40% 
for laser surgery. Repeated procedures were required 


Fig 5. Steroid injection of granu- 
loma. A) Granuloma on left vo- 
cal process is indicated by arrow. 
B) Steroid is injected into granu- 
loma with curved needle (arrow). 
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to resolve recurrent lesions twice in 3 cases. 3 times 
in 5 cases, and 9 times in 1 case. Consequently, all 
but | case could be controlled by 3 or fewer opera- 
tions. No recurrent lesion has been observed during 
follow-up periods from 6 months to 8 years after the 
final procedure. As a treatment for reflux. precau- 
tions for dietary modification were given to all pa- 
tients. Proton pump inhibitors (PPIs) were adminis- 
tered to 2 patients with signs of severe reflux after 
the surgical procedure. 


DISCUSSION 


Treatment of vocal process granuloma has been 
controversial because of the high recurrence rates 
after surgery. Generally, intubation granuloma has 
been considered a good indication for surgical remov- 
al with an excellent outcome.! The problem is how 
to treat contact granulomas in vocal abusers and GER 
patients. The recurrence rates have been reported to 
be approximately 30% to 40%.8-!° Some authors have 
reported a 92% recurrence rate following surgery. ! 
Benjamin and Croxson® reported that 50 operations 
were required to treat 16 granulomas and that 6 le- 
sions still remained after the final procedure. McFer- 
ran et al? reported the overall mean number of Op- 
erations to be 2.7 per patient, and the final cure rate 
to be 68.7%. 


To overcome refractory contact granulomas, voice 
therapy has been conducted for vocal abusers. Bloch 
et al? stated the success rate of treatment as 71 6, or 
100% if the patients who terminated voice therapy 
too early were eliminated. They considered contact 
granuloma as a contraindication to surgery. However, 
the outcome of voice therapy might depend upon the 
ability of the voice therapist, and has not always been 
optimal. Another disadvantage of voice therapy may 
be the long period of treatment required. Another al- 
ternative is PPIs, especially for contact granulomas 
caused by GER. Many reports have indicated a good 
resolution of granuloma with PPIs.!?.!? The cure rate. 
however, is still not sufficient. Hanson et al!2 demon- 


Fig 6. KTP laser surgery. A) Ar- 
row indicates granuloma on left 
vocal process. B) Granuloma is 
vaporized by KTP laser. Arrow — 
leading cable of KTP laser beam. 


strated 2 recurrences among 6 cases treated with PPIs. 
Wani and Woodson! reported that 14 of 18 cases 
were cured. In some institutions, botulinum toxin type 
A has been applied to patients with contact granu- 
loma. The botulinum toxin was injected into the thy- 
roarytenoid muscle, inducing paralysis of the muscle 
and preventing forceful closure of the arytenoid carti- 
lages during phonation. The effectiveness of this 
method has been reported. !4 


Although many conservative treatments have been 
developed, the treatment period tends to be longer, 
taking at least a couple of months, and the effective- 
ness seems to be insufficient. Surgical removal is cer- 
tainly the quickest therapy, and more than half of the 
cases were cured by the initial procedure in the pres- 
ent series. Even most recurrent lesions could be con- 
trolled by a couple of operations. The reason sur- 
gery has been avoided may be that endoscopic pho- 
nomicrosurgery under general anesthesia has previ- 
ously been required to treat each recurrent lesion. 
Fiberoptic laryngeal surgery under topical anesthe- 
sia has facilitated treating refractory granuloma re- 
peatedly. The procedure is much simpler than endo- 
scopic phonomicrosurgery. It can be performed as 
outpatient surgery. It is possible to combine voice 
therapy or PPI prescription with this procedure, es- 
pecially m treating refractory cases. Our usual prac- 
tice is to remove granuloma by fiberoptic laryngeal 
surgery with or without other conservative therapies. 


One of the most important points in achieving the 
procedure is the perfect control of the gag reflex. Top- 
ical anesthesia was induced with repeated lidocaine 
spray for all patients in the same manner. and the 
gag reflex disappeared successfully in all patients 
but 1. The patient with the remaining gag reflex un- 
derwent endoscopic phonomicrosurgery under gen- 
eral anesthesia. The present procedure is considered 
contraindicated for such a patient. 


In this study, we performed 3 different procedures: 
simple excision with a cold instrument, excision with 
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steroid injection, and laser vaporization. The recur- 
rence rates showed no apparent difference among the 
procedures. Laser vaporization has been considered 
to facilitate healing by avoiding trauma to the aryte- 
noid cartilage and removing abnormal tissues after 
epithelialization is established.!° However, the recur- 
rence rate did not seem to be affected by the use of 
laser in our series, and this finding is compatible with 
the results reported by Benjamin and Croxson.$ 


The pathological process of granuloma has been 
proven to involve the arytenoid cartilage, as well as 
the epithelium. Benjamin and Roche?? demonstrated 
osteosclerosis of the arytenoid cartilage using com- 
puted tomography in 21 patients with granulomas. 
They speculated that the osteosclerosis was likely to 
be secondary to reactive hyperemic and infective 


changes in the perichondrium at the base of the granu- 
loma. Surgical removal of the granuloma does not 
treat all of the local pathological process. However, 
repeated removal may contribute to prevention of re- 
currence by inducing scar on the epithelium of the 
arytenoid cartilage. 


CONCLUSION 


We developed a minimally invasive technique of 
laryngeal surgery with fiberoptic monitoring under 
topical anesthesia for treating vocal process granu- 
lomas. This method can be carried out repeatedly and 
relatively easily, and thus is suitable for recurrent gran- 
ulomas. In the present series, all lesions were resolved 
by this method. We believe that surgical interven- 
tion is useful in treating vocal process granuloma. 
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The sentinel node, which is not always located at the first-echelon nodal area close to the primary tumor, is the initial recipient 
of possible metastasis. In order to verify the usefulness of the sentinel lymph node technique in the staging of head and neck cancers. 
we studied 31 untreated patients with squamous cell carcinoma of the upper airways by injecting them around the primary tumor with 
technetium 99m albumin microcolloid (9?mTc) and submitting them to selective neck dissection with en bloc tumor removal. The 
nodes were examined after y-probe identification of the sentinel node(s). No patients were found to have microscopic tumor spread 
outside the level(s) containing the y-probe—identified sentinel node(s). In only | case was the metastatic node not the Y-probe-posi- 
tive one, but an adjacent one. Lymphoscintigraphy with ??"Tc seems reliable in identifying the sentinel node(s) and might contribute 


to the reduction of surgical morbidity by reserving therapeutic ne 


SIS. 


ck dissection for cases with histologically confirmed nodal metasta- 


KEY WORDS — gamma probe, head and neck carcinoma, lymphoscintigraphy, sentinel node. 


Controversy still exists about the surgical treat- 
ment of clinically NO patients with primary head and 
neck squamous cell carcinoma (HNSCC). The use 
of tumor-related histopathologic factors in predict- 
ing lymph node metastases (site and class of T. grade, 
growth pattern, thickness, perineural infiltration, and 
others)! is not a completely reliable method. as dem- 
onstrated by the possible presence of metastases from 
an occult tumor and by the frequency of metastatic 
lymph node(s) (pN+) in superficial extending carci- 
noma of the hypopharynx and larynx.®7 


One choice may be no treatment of the neck, if 
the risk of pN- is less than a set percentage (1546 to 
20%). There are some doubts about the effective- 
ness of this policy: it would mean that a non-negli- 
gible number of patients are candidates for late devel- 
opment of lymph node metastasis, which is mcre dif- 
ficult to treat, compared with the elective treatment 
of an occult metastasis. A second choice may be sys- 
tematic dissection of the lymph nodes. Durin gthe past 
few decades, the surgical approach to elective neck 
dissection has substantially improved: from radical 
neck dissection to modified radical dissection and 
finally to selective dissection. Nevertheless, even in 
selective dissection, some morbidity still exists, and 
one must consider that on the whole, two thirds of 





NO necks are also pNO.* 


The sentinel lymph node is a node that receives 
drainage directly from the tumor site: it is therefore 
the initial possible recipient of metastatic tumor cells 
and may predict the histopathologic status of the re- 
maining Fymphatic area.’ 


The sentinel node technique is a reliable tool in 
the staging of melanoma and breast carcinoma. Re- 
cently published reports suggest that this technique 
may also be useful in deciding the treatment of the 
NO neck.?-!? 


A problem similar to the treatment of the NO neck 
is the treatment of clinically negative contralateral 
lymph nodes when metastases from a primary para- 
median tumor are already present in the homolateral 
nodes. 


The aim of this study was to verify whether lym- 
phoscintigraphy and the use of a Y-probe would be a 


reliable tool in identifying the sentinel node in a ho- 
mogeneous series of previously untreated HNSCCs. 


MATERIALS AND METHODS 


From May 1999 to July 2000, 31 untreated pa- 
tients with squamous cell carcinoma (SCC) of the 
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oral cavity (17 patients), oropharynx (9 patients), lar- 
ynx (4 patients), or hypopharynx (1 patient) were 
enrolled in this study without any modification of 
the ongoing treatment protocols. The patients were 
24 men and 7 women with an average age of 64 years 
(range, 36 to 85 years). After a preoperative evalua- 
tion including a computed tomography scan of the 
whole neck, the tumors were staged as follows: 8 
T1, 14 T2, 6 T3, and 3 T4. There were 17 NO and 14 
N-- patients (5 N1, 4 N2a, and 5 N2b). The patients 
with homolateral metastatic nodes had a paramedian 
SCC, and the study was carried out on the contralat- 
eral, clinically negative lymph nodes. After tracheot- 
omy and the induction of general anesthesia, 0.5 mL 
of technetium 99m albumin microcolloid (?9?mTc; 
mean, 37 MBq) was injected at 4 different points, 1 
cm in depth, at 0.5 cm from the tumor margin. Sub- 
sequently, selective neck dissection was performed 
on the sites without clinical evidence of nodal metas- 
tases (levels 1 to 3 in patients with oral cavity or 
oropharyngeal tumors, and levels 2 to 4 in patients 
with laryngeal or hypopharyngeal tumors). À total 
of 37 selective neck dissections were evaluated: in 
the NO group, 11 patients with lateral tumors had ho- 
molateral selective dissection, and 6 patients with me- 
dian or paramedian tumors had bilateral selective 
dissection. The 14 N+ patients underwent homolat- 
eral dissection of all levels and contralateral selec- 
tive dissection. 


Thread markers were applied to make the subdivi- 
sion among levels easier. An en bloc resection of the 
tumor was performed, the specimen was placed on a 
sterile wrap, and the levels were clearly marked with 
a pen by the surgeon. The sentinel node(s) were im- 
mediately identified by the nuclear medicine special- 
ist and the pathologist with the aid of a y-probe. The 


Y-probe used is a handheld y-detector (Navigator | 
.Gamma Guidance System, RMD, Watertown, Mas- 


sachusetts). The nodes are considered positive if the 
radioactivity level is at least 4 times the background 
level. 


The pathologist isolated the sentinel node(s) and 
all of the identifiable remaining lymph nodes and 
examined them by standard frozen section and/or in- 
traoperative cytology. If the intraoperative pathologi- 
cal examination revealed metastatic cells in 1 or more 
lymph nodes, the dissection was completed on the 
remaining levels. 


In the last 7 patients, the identification of the sen- 
tinel node(s) was performed 20 minutes after the in- 
jection with a handheld y-probe through the intact 
skin, immediately before the dissection. The results 
were compared with the subsequent identification on 
the specimen. 


RESULTS 


The results are summarized in the Table. In the NO 
group, 1 to 5 sentinel lymph nodes (total, 33) were 
identified in the selective dissections of 15 patients 
(15/17 with homolateral dissection and 2/6 with con- 
tralateral dissection); at histologic examination in 10 
patients, there were no metastases in the ??mTc-- nodes, 
and the remaining nodes also were negative. In 5 pa- 
tients, metastases were found in 1 or more of the y- 
probe-positive nodes (4 cases) or in an adjacent node 
of the same level (1 case). In 2 patients, lymphoscin- 
tigraphy did not identify a sentinel node, and the his- 
tologic findings of all of the lymph nodes were nega- 
tive for metastases. 


In the N-- group, 1 to 2 sentinel lymph nodes (to- 
tal, 12) were identified 1n the selective dissections 
of 7 patients; at histologic examination in 5 patients, 
there were no metastases in the 77™Tc+ lymph nodes, 
and the remaining nodes were also negative. In 2 pa- 
tients, metastases were found in the ‘y-probe—posi- 
tive nodes (1 with a low level of ??"Tc positivity). In 
7 patients, lymphoscintigraphy did not identify a sen- 
tinel node, and the histologic findings of all of the 
]ymph nodes were negative for metastases. 


Worthy of note, in 6 of the 7 cases with metastatic 
99mTc+ lymph nodes, histopathologic examination 
showed neoplastic deposits only in the sentinel nodes, 
and in 3 cases they were micrometastases. Moreover, 
no patients had microscopic tumor spread outside the 
level(s) containing the ‘y-probe—identified sentinel 
node(s). Preoperative sentinel lymph node evaluation 
corresponded to the subsequent identification on the 
specimen in 5 of the 7 patients examined. In the re- 
maining 2 patients, preoperative 99™Tc positivity was 
due to extralaryngeal spread of a transglottic tumor 
(patient 30) and to tumor or muscle uptake (patient 
26). 


DISCUSSION 


Although not with the same frequency reported in 
melanoma, even in HNSCC we may observe “skip” 
metastases. Byers et al,}4 among 277 patients with 
SCC of the mobile tongue, reported that 16% of me- 
tastases bypassed the first-echelon nodal area. In our 
series, 2 NO patients with SCC of the oral cavity had 
Y-probe—positive and histologically metastatic nodes: 
only at the third level in one case (patient 1) and at 
the second and third levels in the other (patient 11). 


Mamelle et al,!> in a series of 914 patients with 
tumors of the oral cavity, oropharynx, hypopharynx, 
or larynx, demonstrated that besides the number of 
positive nodes, the most significant nodal prognos- 
tic factor is the site of the positive node (inside or 
outside the first-echelon level in relationship to the 
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CLINICAL AND PATHOLOGICAL CHARACTERISTICS OF TUMORS AND LYMPH NODES 




















Site of 
Clinical Neck 9»mTc + N N Status 
Patient Site of T Stage Dissection Level* "Tc + N Histology (N+/Total N) 

17 OC bilat TINO H+C WFL Negative 0/19 L; 0/16 R 
20 OPh bilat TINO H +C ZUL | Positive micrometastasis; | negative 1/29 L; 0/24 R 

6 OC bilat T2NO H +C 0 0/18 L; 0/15 R 
16 OC bilat T3NO H+C 2/II° R Negative 2/33 L; 0/34 R 
30 Lar bilat T4NO H+C I/HIL; I/IV?L Negative 0/26 L; 0/9 R 
31 OCL T2NO H+C AAT L; 11° Ls Negative 0/46 L; 0/20 R 

4 OCR TINO H 2/III° R Negative 0/22 L 

8 OC L TINO H VF L; I/IIP L Negative 0/27 L 
22 OCR Tl(m)NO H 1/I? RPR Negative 0/25 R 

l OCL T2NO H HUFL Positive micrometastasis 1/45 L 

2 OC R T2NO H I/I? R; 2/III? R Negative 0/29 R 

5 OPh L T2NO H I/I L Negative; positive adjacent N of same level 1/31 L 
1] OCR T2NO H I/II" R; I/HI?^ R Positive 2/0 R 
19 OCR T2NO H VER H/II? R Negative 0/47 R 
ee LarR T2NO H 0 0/27 R 
25 OCL T3NO H 2HI* T, Negative 0/23 L 
24 OCL T4NO H MPL Negative 0/37 L 

7 OPh R TINI C 0 0/27 L 
23 OC bilat TIN2a C II^ L Negative 0/35 L 

9 OPh R TIN2a E 0 0/22 L 
13 OCR T2NI C IT til? L Negative 0/22 L 
18 Lar R T2NI C UE” L Negative 0/13 L 

3 OPh R T2N2a C 2/II? L Negative 0/53 L 
20 OPh L T2N2a C I/II? R Negative 0/24 R 
12 OPh L T2N2b E I/II R Negative 0/16 R 
26 OCR T2N2b C 0 0/30 L 
14 Lar bilat T3N1 C 0 0/32 L 
15 HPh L T3NI G 0 0/19 R 
10 OPh R T3N2b C 0 0/22 L 
21 OCR T3N2b C MEPL Positive (low y-probe uptake) micrometas- 1/25 L 

tasis 
28 OPh L T4N2b E 2/II? R | Positive; 1 negative 4/16 R 
OC — oral cavity; H — homolateral: C — contralateral; OPh — oropharynx; Lar — larynx; HPh — hypopharynx. 


* Arabic numeral is number of 


”°™Tc-positive nodes detected. Roman numeral is level at which nodes were located. 





site of the primary tumor). 


After some unsatisfactory reports on the use of blue 


dye to detect the sentinel node during operation,®:!2 
more recent studies used ??"Tc. Koch et al,!! in a 
series of 5 NO patients, identified a sentinel node in 
2 (metastatic cells were demonstrated in | ) and were 
unable to identify the sentinel node in 3 (2 of whom 
had metastatic nodal disease). Shoaib et al!2 identi- 
fied sentinel nodes in 15 of 16 patients, and the biopsy 
was accurate in the NO necks that contained impal- 
pable metastases. Zitsch et al!? identified the senti- 
nel node in each of 8 NO patients; 4 of these patients 
were pN+ (2 with metastases only in the sentinel node 
and 2 both in the sentinel node and in different nodes). 
Also, Alex et al? identified the sentinel nodes in each 
of 8 NO patients, 1 of whom was pN+; in no instance 


was a sentinel node negative for micrometastatic dis- 
ease while a nonsentinel node was positive. 


To date. this is the largest published series concern- 
ing the use of Iymphoscintigraphy in identifying the 
sentinel node in HNSCC, and our results further con- 
firm the reliability of this technique. Nevertheless, 
some problems remain. 


|. A high radioactivity level in the tumor area may 
mask the presence of a sentinel node or may simu- 
late it, particularly in orohypopharyngeal and laryn- 
geal neoplasms, because of the nearness of the tu- 
mor site to the draining lymph nodes. In these cases, 
a lead plate may be used as a shield between the tu- 
mor and the nodal site, and/or the tip of the handheld 
probe may be directed to avoid the alignment of the 
tip of the probe, the N area, and the tumor. 
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2. The threshold level of radioactivity compared 
to the background noise has not yet been fully as- 
sessed in defining a lymph node as "sentinel," either 
through the skin or on the specimen. Moreover, these 
data should always be specified, to allow a compari- 


son among the results of different series. 


3. The handheld y-probe is not as yet widely avail- 
able. A y-camera to detect the sentinel node(s) after 
the injection of the ??mTc is available in the large 
majority of hospitals. The injection may be done ei- 
ther in the y-camera room, without general anesthe- 
sia, for oral cavity tumors, or in the operating room 
(transporting the patient thereafter to the y-camera 
room) for orohypopharyngeal and laryngeal tumors. 
The study may be performed the day before the op- 
eration, and the results may be discussed with the 
patient, ie, the type of skin incision and the type of 
nodal dissection. 


4. The tracer ??mTc was chosen because it is eas- 
ily available and because its large sulfur colloid par- 
ticles remain within the sentinel nodes for several 
hours, without diffusion to more distant and nonsig- 
nificant nodes. Some authors!?:16 do not agree with 
this hypothesis on the biokinetics of the tracer and 
suggest the use of intermediate-sized colloidal albu- 
min as a carrier for the technetium. Moreover, we do 
not know whether it is reliable to inject and examine 


the patient only in the supine position, ignoring the - 


possible influence of the physiologic gravity force 
on the lymphatic flow. 


5. The large number of false-positive results may 
be explained by the fact that 99™Tc is an inert sub- 
stance that must passively migrate from the injec- 
tion site to the lymph nodes, whereas the neoplastic 
cells are alive and active and follow the same path 
whenever they migrate. 


6. The detection of the sentinel node is a preoper- 
ative determination of the pathway of cancer spread. 
Its ultimate aim is to decrease the number of nonther- 
apeutic neck dissections without increasing the on- 
cological risk. While we await further improvement 
of this investigation technique, the test, if positive, 
indicates where to perform the lymph node biopsy. 
All of these patients are candidates for neck dissec- 
tion. If the surgical plan is to be based in future on 
the use of this test, the biopsy of the sentinel node 
will indicate whether a complete dissection is really 
necessary. Therefore, a false-positive result would 
determine only a lymph node biopsy, instead of a dis- 





section. 
7. There is no agreement about the pathological 


examination of the sentinel node, particularly with 


regard to the accuracy of intraoperative evaluation, 
the number of histologic sections to be examined, 
and the use of ancillary techniques for the identifica- 
tion of micrometastases. In order to achieve a higher 
diagnostic accuracy, serial histologic sections and im- 
munohistochemistry can be used. On the other hand, 
the standard, simple, and cheaper histopathologic ex- 
amination may be reliable in assessing the nodal sta- 
tus. Over the past 10 years, we have used the conven- 
tional examination technique (2 histologic sections 
at different levels for each identified node), with 437 
lymph node dissection specimens obtained from 326 
patients with HNSCC pathologically staged as NO. 
(Of these patients, 163 received postoperative radio- 
therapy for reasons related to the contralateral neck 
side or to the primary tumor.) Only 1 recurrence 
(0.2%) was observed on the NO side in these patients 
(unpublished data). 


8. There are not sufficient data to decide whether 
to sample only the y-probe—identified node(s), or to 
remove all of the nodes within the same level (thus 
performing a “superselective” y-probe-guided neck 
dissection). 


CONCLUSIONS 


Our data confirm that in NO HNSCC, as in malig- 
nant melanoma and breast cancer, if the sentinel node 
is free of metastasis or there are no sentinel nodes, 
finding metastases elsewhere in the tumor-draining 
lymphatic area is very unlikely. The clinical experi- 
ence here reported, and the more recently published 
studies, indicate that lymphoscintigraphy with ??mTc 
may be a reliable tool in identifying the sentinel node, 
provided that an improved and standardized detec- 
tion procedure is defined. It may contribute to a less 
aggressive and more patient-oriented approach, re- 
ducing the morbidity of the lymphatic sampling with- 
out compromising its oncological benefits, and thus 
reserving therapeutic neck dissection only for patients 
with histologically confirmed nodal metastases. 


Further large studies and adequate follow-up are 
necessary to verify whether neck dissection in the NO 
neck after y-probe identification and histopathologic 
examination of the sentinel node (or of the level con- 
taining the sentinel node) can be avoided, and if so, 
whether this procedure can be deemed oncologically 
safe. 
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ISOLATED CONGENITAL ROUND WINDOW ABSENCE 
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l Absence of the round window as a congenital defect is a rare entity that causes a conductive hearing loss. To the best of our 

knowledge, isolated and nonsyndromal round window absence has only been reported 3 times; the diagnoses were made during 
surgery. We are reporting on another case that was diagnosed before operation by virtual endoscopy of the middle ear during a high- 
resolution computed tomography scan. Although this new technique requires further validation, it may be an alternative to surgery as 


a means of confirming this rare diagnosis. 


KEY WORDS — congenital conductive hearing loss, round window absence, virtual aoon, 


INTRODUCTION 


Absence of the round window is a rare congenital 
defect that has been reported in syndromal or iso- 
lated cases.!-’ In syndromal forms, it is associated 
with mandibulofacial dysostosis (Franceschetti syn- 
drome),! endemic cretinism,? ossicular malforma- 
tion,'3 or stapes ankylosis.?^^ To the best of our 
knowledge, isolated and nonsyndromal round win- 
dow absence has only been reported 3 times.?7 We 
report a new case of an isolated bilateral congenital 
absence of the round window diagnosed by a high- 
resolution computed tomography (CT) scan of the 
middle ear with virtual endoscopy. 
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CASE REPORT 


A 25-year-old woman with no family history of 
hearing loss or personal history of otitis presented 
with a lifelong complaint of bilateral hearing loss 
with intermittent tinnitus. The physical examination 
showed normal external ears and tympanic mem- 
branes. Bone conduction was bilaterally greater than 
air conduction by Rinne examination. Weber testing 
was lateralized to the left ear. The audiological stud- 
ies demonstrated a bilateral and asymmetric conduc- 
tive hearing loss (Fig 1), type A tympanograms, and 
absent acoustic reflexes. A high-resolution CT scan 
of the temporal bone showed no ossicular malfor- 
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Fig 1. Preoperative audiograms. 
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Fig 2. Axial high-resolution computed tomography scan 
of left temporal bone. Round window niche is absent (ar- 
row). Contralateral image was identical. 


mation and no bone resorption indicative of otospon- 
giosis. The axial views of the CT scan for the left 
middle ear seemed to indicate an absence of the round 
window (Fig 2), which was more evident on the vir- 
tual endoscopic image (Fig 3A). The axial CT scan 
and the virtual endoscopic image of the right middle 
ear appeared identical. After informed consent, the 
patient underwent left middle ear exploration to con- 
firm this rare diagnosis and to search for an associ- 
ated stapes ankylosis. The round window was ab- 
sent (Fig 4), and the ossicles and stapes footplate 


were mobile and normal. Consequently, no further 


surgery was performed, and the postoperative audio- 
eram showed no change. 
DISCUSSION 


A description of the round window was first pub- 
lished in 1772 by Antonio Scarpa.* Embryologically, 








Fig 4. Surgical view of left middle ear shows absence of 
round window niche (arrow) and shows promontory (P), 
incudostapedial articulation (I), and chorda tympani nerve 
(C). 


the round window area is recognized during the I Ith 
week of gestation as a condensation of embryonic 
connectrve tissue between the scala tympani and the 
fossula of the cochlear fenestra. During ossification 
of the otic capsule, a cartilage ring located in the 
round window niche prevents ossification of its open- 
ing. However, if the cartilage ring fails to develop, 
the round window may be absent.?? 


Congenital obstruction of the round window causes 
à conductive hearing loss either unilaterally? or bi- 
laterally.^ as in this case. The mechanism of the con- 
ductive hearing loss can be explained if the labyrinth 
Is considered as a hydraulic system. One of the func- 
tions of the round window membrane is to release 
the mechanical energy transmitted to the labyrinthine 
fluid from the stapes footplate.>!0 As this fluid is 
noncompressible, rigid closure of the round window 


Fig 3. Virtual endoscopy of left 
middle ears. A) Absent round win- 
dow niche. Contralateral image 
was identical. B) Control; 25-year- 
old woman with normal round 
window niche (arrow ). 
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niche by bone limits movement of the footplate in 
the oval window. Reduced compliance of the sound 
conduction mechanism results in a conductive hear- 
ing loss. 


In the literature, isolated round window absence 
has only been reported 3 times, and was diagnosed 
during surgical exploration without a preoperative 
CT scan.57 In 1 case, a postoperative CT scan sug- 
gested the absence of the round window on axial and 
coronal views.” We are reporting the first case to be 
diagnosed before operation on a CT scan with vir- 
tual endoscopy of the middle ear. A high-resolution 
_ CT scan with axial and coronal views, with cuts ob- 
tained at 1-mm intervals rather than 1.5 mm, sug- 
gested the diagnosis.^ However, we believe that vir- 
tual endoscopy using not 2-dimensional, but 3-di- 
‘mensional, reconstructed views is more reliable in 
demonstrating this anomaly.!!-14 This new software 
provides an accurate visualization of the round win- 
dow fossall.i? very similar to that obtained during 
surgical exploration (Figs 3A and 4). In this case, 
comparison between a pathological view (Fig 3A) 
and a normal view (Fig 3B) is particularly demon- 
strative. Although this new software tool requires fur- 


ther validation, it should be performed before opera- 
tion when a round window absence is suspected, and 
it could be an alternative to surgery in confirming 
this rare diagnosis. 


A surgical treatment was initially reported, but is 
considered rather controversial.^ Its goal was essen- 
tially to confirm the absence of the round window 
and to eliminate an associated stapes ankylosis.^ How- 
ever, if the round window is absent, a fenestration of 
the promontory should not be performed because of 
a high risk of deafness. When absence of the round 
window is associated with a stapes fixation, a stape- 
dectomy gives variable results with a constant risk 
of hearing loss and vertigo.^ Although surgery is a 
reliable tool for confirming the diagnosis, it has little 
chance to improve the patient's hearing loss. 


In conclusion, isolated congenital round window 
absence can cause a conductive hearing loss. The di- 
agnosis may be done without surgery by careful anal- 
ysis of the round window niche on a high-resolution 
CT scan with virtual endoscopy. Although this use 
of virtual endoscopy requires further validation, we 
believe that it could replace the surgical exploration. 
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RECEPTIVE AND EXPRESSIVE LANGUAGE SKILLS OF CHILDREN 
WITH FIVE YEARS OF EXPERIENCE USING A COCHLEAR IMPLANT 
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BRISBANE, AUSTRALIA 


The language of 7 children who had used a cochlear implant for 5 years was evaluated by means of the Clinical Evaluation of 
Language Fundamentals-3, the Peabody Picture Vocabulary Test-Revised, and the Expressive Vocabulary Subtest of the Test of 
Word Knowledge. All subjects demonstrated impaired skills relative to normal-hearing children on | or more subtests. Variability in 
performance occurred between subjects and within subjects across subtests. Strengths in semantic skills were evident compared to 


weaker syntactic and morphological abilities. The nature of the subjects’ language impairments is considered with reference to 
language delay and specific language impairment. The findings support the need for further evaluation of the rate and course of 
development of language subskills. Investigation of the influences of information processing, and learning styles and strategies, on 
children's. outcomes is also warranted. These findings have implications for implementation of optimal habilitation and education 


programs for children with cochlear implants. 
KEY WORDS — child, cochlear implant, language. 


INTRODUCTION 


The ultimate goal of cochlear implantation for chil- 
dren is to provide sufficient hearing to enable use of 
audition for speech and language development.! For 
a proportion of children, this goal is being met.2-8 
However, it has been commented that giving cochlear 
implants to children, particularly those who are pre- 
lingually deaf, may not provide adequate hearing for 
them to acquire skills that allow effective participa- 
tion in the hearing world.? It is suggested that their 
ability to fully belong in the hearing world or the deaf 
world may be compromised.? 


Speech perception outcomes show that many chil- 
dren receive better sensory assistance from a cochlear 
implant than from other sensory aids.3-!!2 In turn, 
improved speech perception skills appear to support 
improved speech production.!? However, research 
examining speech perception and production out- 
comes does not address the second part of the goal, 
namely, that children with an implant will be able to 
use audition for effective language development. Re- 
cently, a greater focus on evaluating langvage de- 
velopment in children with cochlear implants has 
emerged. 


One approach has been to compare the rate of lan- 
guage development of children with a cochlear im- 
plant to that of children with normal hearing. Com- 
parisons between the groups are based on pairing 
children of the same language age at the time of im- 
plantation, regardless of chronological age, and eval- 


uating changes in their language age over time. For 
children with a profound hearing loss who use hear- 
ing aids, it is commonly reported that the gap be- 
tween language age and chronological age increases 
with time.*-'4 In contrast, the rate of language devel- 
opment of some children after cochlear implantation 
has been shown to increase to a rate similar to and 
sometimes exceeding that of children with normal 
hearing. This has enabled the gap between their lan- 
guage age and chronological age to remain constant 
or narrow to some extent.2:465.12.15-17 However, one 
report stated that the rate of receptive language de- 
velopment slowed in the second year after implanta- 
tion, suggesting that this rate may not be sustained.4 
Additionally, these results of enhanced rates of de- 
velopment were not consistent across all children: 
several researchers observed vast differences between 
subjects.?*.!? Despite an enhanced overall rate of lan- 
guage acquisition in some children with a cochlear 
implant. as compared to children of the same age 
with normal hearing, many children with an implant 
continue to have significantly impaired language 
skills.!.2-4.6.8.15 


From these data, it could be concluded that chil- 
dren who use cochlear implants have a delay in their 
language development and that their skills are simi- 
lar to, and appropriate for, a child with normal hear- 
ing of a younger age. This brings an expectation that 
in time the language of children with an implant may 
catch up with, or come close to, that of their hearing 
peers.4.8.14 
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The suggestion that the language of children with 
a cochlear implant may progress toward that of their 
hearing peers has generally been made in regard to 
results from language assessments of very broad mea- 
sures of general language achievement.^.14 Tt is well 
known, however, that effective language use requires 
successful development and integration of a range 
of language subskills. One report commented on the 
need for children with an implant to achieve "suc- 
cessful orchestration" of all 5 rule systems of com- 
munication, including pragmatics, semantics, syntax, 
morphology, and phonology.!? Therefore, compre- 
hensive evaluation of each of these areas was identi- 
fied as an important issue in measuring communica- 
tion outcomes.!? Identification of “normal language 
skills" cannot be claimed without age-appropriate 
performance across these different skills. 


The few investigations of these language subskills 
in children with a cochlear implant have reported that 
after implantation, some aspects of language are en- 
hanced more than others.!?29 In one study, receptive 
and expressive vocabulary and expressive concepts 
were enhanced, but comprehension of syntax and 
morphology developed at a slower rate.!? When the 
morphology and syntax of 6 children with implants 
was studied over 2 years, each child showed progress, 
but the rate of progress varied among children. Com- 
parisons to other subskills were not made.?! In a fur- 
ther study, children with a cochlear implant showed 
more strength in vocabulary skills than in morpho- 
logical development and a preference for using con- 
tent words over function words.?? Within their mor- 
phological skills, there was also differential progress 
in different areas of the morphological system.”° The 
important observation was made that good vocabu- 
lary development is not sufficient for rapid ae 
cal development to occur.20 


Although many children with a cochlear implant 
may have more advanced linguistic skills than they 
would have had without an implant, they may demon- 
strate specific strengths and weaknesses in different 
language subskills. This is a frequent observation, not 
only in children with a hearing impairment (with or 
without a cochlear implant), but also in children with 
a range of other diagnoses, including intellectual im- 
pairment, blindness, autism, and specificlanguage im- 
pairment (SLT).2? The language profiles of these pop- 
ulations are more complex than a generalized delay 
in development. Appreciating these complexities has 
significant implications for supporting the communi- 
cation development of these children. Likewise, con- 
sideration of the complexity of the linguistic profile 
of children with a cochlear implant is critical to our 
ability to offereffective language habilitation services. 


Knowing what factors have an impact upon the 


language achievements of children with a cochlear 
implant is critical to preimplantation and postimplan- 
tation planning and decision-making. Variability in 
achievements on a range of skills, such as speech per- 
ception, speech production, and language, is a recur- 
ring theme in the literature.!-3:8.2! This variability has 
been attributed to factors such as length of auditory 
deprivation,92? age at implantation,?2224 duration of 
implant use,!:24 communication mode;,?:152225 and so- 


cial and family environment? among others. 


When considering the variables that might directly 
affect language outcomes, some researchers have 
considered the relationship between speech percep- 
tion and language performance. 13:/715:25 For children 
identified as "stars" of implant use (the top 20% of 
160 children assessed with the Phonetically Balanced 
Kindergarten [PBK] Word Test), a strong relation- 
ship between speech perception and language abili- 
ties was reported. This same relationship was not evi- 
dent for the controls, chosen from the bottom 20% 
of the sample.25 A study of a group of children from 
the Moog Oral School, known for its individualized 
and well-resourced educational program, also showed 
that children with higher scores on open-set speech 
perception with the PBK Word Test had language 
quotients within the average range for children with 
normal hearing.’ Poorer performance on the PBK 
Word Test correlated with language quotients below 
the average range. In contrast to these two studies, 
when less "select" subject groups have been evalu- 
ated, the relationship between speech perception and 
language skills has been less well defined.?.5 


Despite these efforts to elucidate the impact of the 
complex interplay of variables on communication 
competence, predictive statements about specific fac- 
tors affecting outcomes with a cochlear implant for 
individual children cannot be made with complete 
confidence. One researcher suggested that the causes 
of the variability might also include more specific 
and complex variables. Information processing skills, 
such as the encoding, storage; retrieval, and process- 
ing of spoken language, were identified as possibly 
being significant in understanding the variability 
across children with a cochlear implant.” 


There remains an extensive and complex range of 
questions about the language development of chil- 
dren with a cochlear implant. Among these is the 
question of whether the reportedly rapid rate of lan- 
guage progress in the early years after implantation 
is sustained. If this is so, is it the case for all chil- 
dren? If not, which children, in what circumstances, 
are more likely to achieve a normal or faster-than- 
normal rate of development? Finally, when individual 
language subskills are considered relative to each oth- 
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er, I5 this same effect observed and maintained con- 
sistently across the range of skills over time? 


This current study aimed to contribute to the dis- 
cussion around these questions by comparing the lan- 
guage outcomes of a group of children who have used 
a cochlear implant for 5 years with those of children 
of the same age who have normal hearing. After 5 
years of implantation, one would expect that patterns 
in long-term language skill levels would have 
emerged and specific strengths and weaknesses in 
language subskills might be evident. It is hoped that 
the findings of this study will contribute important 
information to our knowledge of the long-term com- 
munication outcomes of children with cochlear im- 
plants and assist in determining appropriate therapy 
and educational programs. 


METHODS 


Subjects. At the commencement of this research 
project in 1998, all 24 children involved with the 
cochlear implant team of a major metropolitan hos- 
pital were invited to participate in a 2-year study of 
language outcomes in children with a cochlear im- 
plant. For the substudy reported here, 12 of these 24 
children had been using an implant for at least 5 years. 
Of these 12 children, 7 participated in the study. The 
remaining 5 individuals were not included in the 
study for a range of reasons. The skill level of 2 chil- 
dren was not adequate for use of the Clinical Eval- 
uation of Language Fundamentals—3rd Edition 
(CELF-3). One child made limited gains with the 
implant, in the presence of general cognitive defi- 
cits, and parental concern about this outcome may 
have affected the decision not to participate. Another 
postlingually deaf child declined participation, pos- 
sibly because of having limited contact with the co- 
chlear implant team (because of high levels of 
achievement, with limited support being needed or 
requested). The final child had already completed a 
5-year postimplant assessment with an assessment 
tool that was not consistent with the tools used in 
this study (Clinical Evaluation of Language Funda- 
mentals-Revised). 


Language Assessment. The language skills of the 
7 subjects described in this paper were assessed with 
the CELF-3, a structured assessment consisting of 4 
receptive language subtests and 4 expressive lan- 
guage subtests.*° The subtests administered are de- 
termined by the child’s age, with 3 receptive and 3 
expressive subtests constituting the main test battery 
at any given age. Six of the 7 subjects were also ad- 
ministered the Peabody Picture Vocabulary Test-Re- 
vised, Form M (PPVT-R),? a measure of receptive 
vocabulary, and the Expressive Vocabulary Subtest 


of the Test of Word Knowledge (TOWK).28 Each of 
these tests were standardized on children with nor- 
mal hearing. 


Cognitive Assessment. Performance IQ and ver- 
bal IQ scores were determined with the Wechsler In- 
telligence Scale for Children-3rd Edition (WISC- 
IIT).29 


Speech Perception Assessment. The Northwestern 
University—Children’s Perception of Speech (NU- 
CHIPS)? test was used to assess closed-set words. 
The Bamford-Kowal-Bench/Australian Version Sen- 
tence Lists for Hearing Impaired Children (BKB/A 
Sentences)?! were used to assess open-set sentences. 
The Arthur Boothroyd Word Lists (AB Word Lists)32 
were used to assess open-set words. Subjects whose 
speech intelligibility was poor were not scored on 
standardized speech perception tests of open-set sen- 
tences. 


Procedures. Either the language assessments were 
administered during the research period, or data were 
collated from results of tests completed before the 
commencement of the study. Subjects were individu- 
ally evaluated in a quiet room by a speech patholo- 
gist with experience working with children with a co- 
chlear implant. Test responses were recorded at the 
ume of assessment; however, each assessment was 
videotaped to enable review of responses if required. 
Cognitive assessments were all completed during the 
research period. Language and cognitive assessments 
were administered in the subjects’ preferred commu- 
nication mode of either oral communication or total 
communication. A qualified interpreter, accessed 
through the Queensland Deaf Society, interpreted 
using signed English for children who used total com- 
munication. 


The results from the subjects’ speech perception 
assessments that were administered closest to 5 years 
after implantation were collected from their medical 
charts. For all tests except subject 1’s open-set word 
results, these assessments occurred no more than 6 
months before or 6 months after their 5-year postim- 
plantation language assessment. The data reported 
for subject ls open-set word scores were collected 
at 6 years 6 months after implantation and must be 
viewed in this light. 


Data Analysis. Standard scores were calculated for 
each language subtest for each subject. A mean stan- 
dard score was calculated for each subtest for all 
subjects. Standard score results were also expressed 
as standard deviation units (SDUs) from the norm. 
An SDU below zero indicates a score that is below 
average for age. An SDU above 0 indicates a score 
that is above average for age. At the extremes. ap- 
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TABLE 1. DEMOGRAPHIC AND MEDICAL HISTORY DETAILS AT FIVE YEARS AFTER COCHLEAR IMPLANTATION 


Subject Subject Subject Subjec Subject Subject Subject 
l 2 3 4 - 2 6 7 
Onset of hearing impairment Congenital Congenital Congenital ] y 5 mo Congenital Congenital Congenital 
Cause of hearing impairment Unknown Unknown Mondini's Meningitis Ototoxic Unknown Unknown 
malformation medication 
at 31 wk 
gestation 
Age at implantation 6yl0ü0mo 3yimo 4Ay4mo_ 2y3mo 2y6mo 4 y 2 mo; 
10 y 2 mo* 
Type of implant Spectra 22 — Spectra22 Spectra 22 Spectra 22 Spectra 22 Spectra22 Spectra 22; 
Sprint 
Active electrodes 20 20 17 20 20 20 
Mode of map Common Common Bipolar Common Common Common Common 
ground ground +4 ground ground ground ground 
Communication mode 
Before implantation TC then OC OC + some OC OC OC 
OC signs 
After implantation OC OC, TC OC OC, TC OC OC, TC OC, then 
school school school TC 
Education 
Primary MS+AVT HIU+INT MS+AVT HIU + INT, MS+AVT HIU+INT HIU 
then MS 
Secondary MS + HIU 
Closed-set speech perception 5 years after implantation 
AA Words 100% NA 100% NA NA NA 100% 
Open-set speech perception 5 years after implantation l 
AV Sentences 98% 100% CNS 90% 84% 84% CNS 
AA Sentences 712% 92% CNS 78% 84% 84% CNS 
AV Words 100% 100% 63901 100% 100% 97% 80%T 
AA Words 19% 96% 60901 88% 100% 93% 80%t 
WISC-III Cognitive Assessments (mean = 100; SD = 15) 
WISC-III PIQ 126 115 103 87 112 113 70 
WISC-III VIQ 89 64 87 82 69 67 46 
PIQ-VIQ difference 37 51 16 5 43 46 24 


TC — total communication, OC — oral communication, MS — mainstream, AVT — advisory visiting teacher, HIU — hearing-impaired unit, 
INT — some integration into mainstream classes, AA — audition alone, NA — not administered, AV — audition + visual, CNS — could not 
score because of severe speech disorder, PIQ — performance IQ, VIQ — verbal IQ. 


*Second implantation was due to device failure. 


TScore may reflect speech disorder, rather than speech perception. 





proximately 2.5% of the normal-hearing population 
would have an SDU of —1.96 or lower or +1.96 or 
higher. 


RESULTS 


The hearing, communication, education, speech 
perception, and IQ data of the 7 subjects are detailed 
in Table 1. In the sample, there were 2 boys and 5 
girls. At the time of their 5-year postimplantation as- 
sessment, the children ranged in age from 7 years 3 
months to 12 years 0 months. 


The CELF-3, PPVT-R, and TOWK Expressive Vo- 
cabulary Subtest results are shown in Table 2. We 
calculated SDUs for 6 of the 8 CELF-3 subtests. For 
the remaining 2 subtests (Sentence Assembly and Se- 
mantic Relationships), SDUs were not calculated, as 
only 2 subjects completed these subtests. Variable 


language skills were noted across the group. On 5 of 
the 6 CELF-3 subtests in which SDUs were calcu- 
lated, the results were 1.0 SDU or more below the 
norm mean, which is in the range of the lowest quin- 
tile of performance expected in a hearing popula- 
tion. For the other subtest (Word Classes), the result 
was —0.9 SDU from the norm mean. The subjects 
had greatest difficulties on the Concepts and Direc- 
tions, Recalling Sentences, Word Structure, and For- 
mulating Sentences subtests. Their average perfor- 
mances on these subtests equated to the lowest 3.5% 
of performances expected in the normal-hearing pop- 
ulation. | 


CELF-3 Receptive Language Score and Subtest 
Performances. The receptive language scores, de- 
rived from a combination of each of the receptive lan- 
guage subtest scores, were below the average range 
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TABLE 2. STANDARDIZED LANGUAGE ASSESSMENT RESULTS AT FIVE YEARS AFTER COCHLEAR IMPLANTATION 























Mean 
Mean Standard 
Standard Deviation 
Subject Subject Subject Subject Subject Subject Subject Score Units 
] 2 3 4 5 6 7 (min, max) (min, max) 
Age at assessment 12 y Sy 6y 7 y ly Sy 9y 8y7mo 
5 mo 10 mo 3 mo 11 mo 5 mo Smo (6y I0 mo; I2 y) 
CELF-3 Receptive Language Subtests* 
Sentence Structure NA 4 8 6 2 NA  5.2(3,8) —1.6 (-2.3, -0.7) 
Concepts and Directions 3 5 6 6 3 3 4.1 (3, 6) —2.0 (22.3, -1.3) 
Word Classes 4 8 12 8 8 3 tats. 12) —0.9 (—2.3, 0.7) 
Semantic Relationships — 7 NA NA NA NA NA 6 3535, 7) NC 
Receptive Language 
Scoret 61 72 92 61 80 69 53 69.7 (53, 92) -2.0 (—3.1, —0.5) 
CELF-3 Expressive Language Subtests* 
Word Structure NA 5 4 3 8 3 NA 4.6 (3, 8) —1.8 (-2.3, —0.7) 
Formulating Sentences — 3 4 6 6 6 B 3 4.6 (3, 6) -1.8 (-2.3, -1.3) 
Recalling Sentences 3 3 3 3 fi 3 315 (3, 7) —2.1 (-2.3, -1.0) 
Sentence Assembly 10 NA NA NA NA NA 6.6 (3,10) NC 
Expressive Language 
Scoret 69 53 SI 53 82 50 50 59.1 (50, 82) =2.) (—3.3, 51.2) 
Total Language Scoret 63 60 73 54 80 57 50 62.4 (50, 80) -2.5 (-3.3, 1.3) 
PPVT-R* 65 45 70 NA 62 58 40} — 56.7 (40, 70) —2.9 (-4.0, —2.0) 
TOWK* 6 8 8 NA 9 8 3 7.0 (3, 9) —1.0 (-2.3, -0.3) 


Different subtests were administered at time of assessment. depending on age of child, as indicated by standard CELF-3 test procedures. Each 


child participated in 6 subtests at each assessment. 
NA — not administered; NC — not calculated. 
*Normal mean 10, standard deviation 3. 


* Normal mean 100, standard deviation 15. 


tAlthough «40, 40 was used in calculations of summary statistics. 





for 6 of the 7 subjects. The mean SDU from the norm 
mean was —2.0; however, a wide range in achieve- 
ment was evident, with a minimum of —3.1 and a 
maximum of —0.5. On the Sentence Structure Subtest. 
in which the subjects were required to respond to 
sentences of varying syntactic structures with dif- 
ferent levels of complexity, the trend was for below- 
average performance. One subject achieved a stan- 
dard score within the average range on this subtest. 
The subjects demonstrated particular difficulty on the 
Concepts and Directions Subtest, in which they were 
asked to follow instructions of increasing length and 
complexity and which contained a range of language 
concepts. All results fell below the average range. 
The subjects’ greatest receptive language strength 
was on the Word Classes Subtest, which assessed 
their ability to recognize how different word mean- 
ings relate to each other (eg, synonyms, antonyms). 
Five of the 7 subjects achieved standard scores within 
the average range. The Semantic Relationships Sub- 
test is administered to children 9 years of age and 
older and assesses the ability to understand seman- 
tic relationships within and between sentences. Two 
subjects participated in this subtest; 1 subject's stan- 
dard score fell within the average range, and the oth- 
er's score fell just below the average range. 


CELF-3 Expressive Language Score and Subtest 
Performances. The expressive language scores, de- 
rived from a combination of each of the expressive 
language subtest scores, were well below the aver- 
age range for 6 of the 7 subjects. Subject 5’s score 
was just below the average range at —1.2 SDUs from 
the norm mean. The mean SDU from the norm mean 
was —2.7, but again, a wide range in scores was pres- 
ent, with a minimum of —3.3 and a maximum of 
—1.2. When expressive morphology was assessed on 
the Word Structure Subtest, 1 of 5 subjects obtained 
a result within the average range. The 4 remaining 
subjects showed below-average skills on this subtest. 
On the Formulating Sentences Subtest, the subjects’ 
ability to use a specific word or phrase in a sentence 
to talk about a picture using accurate syntax, seman- 
tics, and morphology was an area of consistent diffi- 
culty. All subjects showed scores below the average 
range. When asked to remember and repeat sentences 
modeled to them on the Recalling Sentences Subtest, 
6 of the 7 subjects had extreme difficulty, scoring 
the lowest standard score possible. One subject 
achieved a score within the low-average range. The 
Sentence Assembly Subtest is administered to chil- 
dren from the age of 9 years and assesses the ability 
to construct sentences from a series of written words 
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and phrases. Two subjects participated in this subtest; 
'1 performed within the average range and the other 
at the lowest standard score possible. 


The. subjects performed poorly on the PPVT-R, 
with SDUs ranging from —4.0 to —2.0 and an aver- 
age of —2.9. The level of performance of all 6 sub- 
jects assessed with the PPVT-R was below the low- 
est 2.5 percentile expected in a normal-hearing popu- 
lation of a similar age. Expressive vocabulary, as as- 
sessed with the Expressive Vocabulary Subtest of the 
TOWK, was an area of strength for some children; 4 
of 6 results were in the average range. 


DISCUSSION 


After they had used a cochlear implant for 5 years, 
the 7 subjects had receptive and expressive language 
skills that were generally below those expected for 
children of the same age with normal hearing. The 
intersubject variability in language achievement was 
consistent with that found by other researchers.?.^ 
The subjects also showed significant intrasubject 
variability across the assessment tasks undertaken. 
Despite the small sample size, there was some evi- 
dence of a pattern of strengths and weaknesses in 
their language skills. 


Details on the rate of language development in the 
early years after implantation of the subjects in this 
investigation are not available; however, their over- 
all linguistic skills are not commensurate with those 
of their hearing peers — a finding that has been re- 
ported for some children after implantation.^ 
Whether this is due to the eventual slowing of an 
initially faster-than-normal rate of language devel- 
opment in the subjects, or whether the subjects never 

reached this pace of development, cannot be con- 
. cluded. Despite their not reaching skill levels equiva- 
lent to those of their age peers with normal hearing, 
the possibility that the subjects may have maintained 
a pace of development that has enabled them to sta- 
bilize the gap between their language age and their 
chronological age cannot be ruled out. 


Future research may conclude that the amount that 
the rate of language development increases after im- 
plantation might not be sustained in the long term. 
This finding would reinforce the suggestion that in 
studies of developmental rate performed so far, chil- 
dren with a cochlear implant have a higher chrono- 
logical age than their hearing controls (despite hav- 
ing the same language age) and are therefore likely 
. to be at a more advanced cognitive stage. More ad- 
vanced cognitive development, paired with access 
to increased sensory input, may explain the observed 
acceleration in development that takes place imme- 
diately after implantation relative to the controls. It 


is not inconceivable that with the passing of time 
there may be a “dampening” of this effect. This phe- 
nomenon may require that predictions about long- 
term linguistic outcomes compared to those of age- 
matched hearing peers be considered in more detail. 


When considering the language subskills of the 
subjects, rather than their overall language achieve- 
ments, we found that the subjects showed a particu- 
lar strength in using semantic knowledge to recog- 
nize how the meanings of words related to each other 
(eg, synonyms, antonyms). This strength in seman- 
tics was also demonstrated in the subjects’ expres- 
sive vocabulary skills, but was not evident in their 
receptive vocabulary, which was well below aver- 
age for all subjects. Given that one would expect a 
strong relationship between receptive and expressive 
vocabulary, this effect might be related to factors 
within the assessment tools, rather than issues spe- 
cific to the subjects. Further investigation of this re- 
lationship is warranted. These findings of relative 
strengths in semantic knowledge compared to other 
language skills are consistent with observations of 
other researchers. 19:20 


Also consistent with the findings of other research- 
ers was the fact that the subjects' expressive syntac- 
tic and morphological development was an area of 
weakness, compared to their semantic knowledge.!? 
This was evidenced by their performance on the Word 
Structure Subtest and the Formulating Sentences 
Subtest. Observations of the subjects' errors on the 
Formulated Sentences Subtest revealed noteworthy 
difficulties in using accurate morphology and phrase- 
level syntax, but relatively stronger skills at the clause 
level. Interestingly, this finding is consistent with ob- 
servations of children with a profound hearing im- 
pairment who use hearing aids,’ indicating that al- 
though children with a cochlear implant may have 
an overall linguistic advantage, they may still face 
types of language difficulties similar to those faced 
by children who use hearing aids. 


Consistent weaknesses were present on tasks in 
which the subjects needed to remember and repeat 
sentences of increasing length and complexity (Re- 
calling Sentences Subtest) and follow instructions 
of gradually increasing length and detail involving a 
range of language concepts (Concepts and Directions 
Subtest). Both of these tasks require the ability to 
effectively integrate numerous linguistic and audi- 
tory skills. The Recalling Sentences Subtest required 
use of short-term auditory memory and the linguis- 
tic skills of semantics, syntax, and morphology. On 
the Concepts and Directions Subtest, again, short- 
term auditory memory is used, as well as language 
concepts such as sequencing, time, location, and co- 
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ordination. However, without detailed analysis of the 
qualitative features of the subjects’ responses and 
their individual approaches to the task, it is difficult 
to ascertain where their performance broke down and 
what factor, or combination of factors, contributed 
to the breakdown. 


Variability in achievements across subtests within 
the group also were found when the skills of each 
subject were considered individually. This intrasub- 
ject variability suggests that individual language sub- 
skills were not progressing at equal rates. This pat- 
tern, found even at a significant length of time after 
implantation, supports the assertion that the subjects 
do not have a language delay from which they may 
catch up in time. The presence of a language impair- 
ment with specific patterns must be considered. 


Although SLI is not given as a diagnosis when a 
child has a significant sensory deficit," the similari- 
ties in the skill patterns of children with SLI and the 
subjects with cochlear implants in this study should 
be considered. In a child with SLI. although the in- 
dividual language subskills may resemble those of a 
younger child, the overall profile of his or her lan- 
guage, when the relationships between these subskills 
are considered, is not typical of normally developing 
children of a similar age.?? Children with SLI have 
been noted to show strengths in pragmatic skills and 
semantic abilities and relative weaknesses in syntax 
and morphology. Although pragmatic skills were 
not evaluated in this study, the SLI language profile 
is similar to that of subjects in the study group. Chil- 
dren with SLI have also been noted to generally show 
average skills on nonverbal IQ tests (despite show- 
ing deficits on some nonverbal tasks).35 Again, this 
finding is consistent with the performance of the sub- 
jects in this study. The large discrepancies between 
verbal IQ and nonverbal IQ scores for 6 of the 7 sub- 
jects were of particular concern, implying that the 
subjects may not be reaching their linguistic poten- 
tial when considered in light of their other cognitive 
skills. Finally, in comparison to children with delayed 
language development, children with SLI may have 
long-standing language difficulties that change but 
do not completely resolve over time.*5 Again, this 
observation is consistent with the fact that the sub- 
jects in this study have not caught up with their hear- 
ing peers after using a cochlear implant for a sub- 
stantial time. Acknowledging these issues is particu- 
larly important because of their implications for de- 
veloping optimal habilitation programs, implement- 
ing school curricula, and understanding possible long- 
term communication outcomes. 


The small sample size and the number of subject 
variables present in this study prevent us from gener- 


alizing these results to the broader population of chil- 
dren with cochlear implants. Even within the sample, 
explanations of the variables affecting the subjects' 
performance levels cannot be readily made. For ex- 
ample, subject 5 shows the most consistent perfor- 
mance across subtests, but does not differ greatly on 
variables of speech perception, communication mode. 
education, or age at onset of hearing loss from sub- 
ject 3, who shows average language comprehension 
skills (Receptive Language Standard Score of 92) 
but expressive language skills that are well below 
average (Expressive Language Standard Score of 57). 


To assist our understanding of language develop- 
ment after cochlear implantation, the findings of this 
study need further exploration. First, the relative 
strengths and weaknesses across different language 
subskills in a greater number of children need to be 
studied at regular intervals over an extended period 
after implantation. This plan will provide more ade- 
quate information on the nature of the children's lan- 
guage skills and profile and the course of their devel- 
opment. By specifically looking at the similarities 
and differences between hearing-impaired children 
with and without a cochlear implant and children with 
SLI, we may also come to a greater understanding 
of the underlying factors that lead to the patterns of 
performance observed. Second, as suggested by the 
emerging literature, learning abilities, learning styles, 
and information-processing strategies and skills must 
be considered as internal subject variables that could 
inform us on many of the unexplained factors af- 
fecting the performance of both individuals and spe- 
cific groups of children with cochlear implants.2536.37 
Thus, there is a need to analyze the range of interact- 
ing processing strategies and auditory and linguistic 
subskills that affect each other. not only on language 
assessments, but also in the complexity of linguistic 
tasks in everyday life that influence a child's day-to- 
day communication success. Knowledge of these fac- 
tors will help us make better predictions about a 
child's likely performance with an implant, evaluate 
his or her progress more effectively, understand in- 
dividual performances from task to task more accu- 
rately, and intervene in a more informed way to sup- 
port a child who is showing limited progress. This 
information may also assist in both understanding 
and progressing toward reducing the differences in 
nonverbal IQ and verbal IQ scores. 


Finally, research must continue to focus on the 
needs of our clients with the ultimate aim of enhanc- 
ing patient outcomes. This goal can be facilitated by 
discovering what our patients, their families, and as- 
sociated professionals consider important to derive 
from future studies. In this way, research findings 
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can be more directly applied to positive outcomes 
relevant to the children and families we work with. 


In conclusion, this study has shown that 5 years 
after implantation, each of the children studied 
showed significant language deficits in 1 or more 
areas assessed. Despite their having some language 
skills nearing those of children of the same age with 
normal hearing, other skills demonstrated, and are 





likely to continue to show, severe levels of impair- 
ment. Rather than being a pattern of language delay, 
which implies the chance of catching up in the fu- 
ture, this presentation of language skills is more simi- 
lar to that of a child with an SLI that may change but 
not necessarily resolve with the passing of time. The 
implications of this finding for supporting the devel- 
opment of communicative competence in children 
with a cochlear implant must be explored in detail. 
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COMPARISON OF VARIOUS METHODS OF ELECTROMYOGRAPHIC 
MONITORING OF THE RECURRENT LARYNGEAL NERVE IN 
THYROID SURGERY 


KURT P. TSCHOPP, MD 


CHRISTINE GOTTARDO, MD 


LIESTAL, SWITZERLAND 


In the present study, 3 types of electrodes for recurrent laryngeal nerve (RLN) monitoring are compared: 1) intralaryngeal 
surface electrodes attached to a conventional endotracheal tube, 2) monopolar needle electrodes placed on the vocal cords by direct 
laryngoscopy, and 3) bipolar needle electrodes inserted intraoperatively through the cricothyroid ligament. Data were collected from 
stimulation of 21 RLNs in 16 patients undergoing thyroid surgery. The reliability in terms of distinct electromyographic (EMG) 
potentials following stimulation of the RLN was 100% with monopolar and bipolar needle electrodes and 76% with intralaryngeal 
surface electrodes. The mean (+SD) amplitudes of the EMG potentials were 1.61 + 1.6 mV, 2.37 + 1.8 mV, and 0.35 + 0.4 mV for the 
monopolar endolaryngeal, bipolar transligament, and intralaryngeal surface electrodes, respectively. The advantages and disadvantages 


of each type of electrode are discussed. 


KEY WORDS — electromyogram of vocal muscle, recurrent laryngeal nerve monitoring, thyroid surgery. 


INTRODUCTION 


Recurrent laryngeal nerve (RLN) injury is a feared 
complication of thyroid surgery. Definitive intraop- 
erative identification of the RLN is essential for reli- 
able preservation of nerve function. As early as 1938, 
Lahey! reported a routine exposure of the RLN in 
thyroid surgery. Mountain et al? documented a sig- 
nificant decrease of RLN palsy with intraoperative 
visualization of the nerve. They found that the inci- 
dence of nerve paralysis was fourfold greater in cases 
in which the RLN was not exposed than in cases in 
which it was exposed. 


Various methods have been used to facilitate the 
identification of the RLN. In all methods, the RLN 
is electrically stimulated during the operation. How- 
ever, there are different forms of registration of the 
elicited laryngeal muscle activity.The simplest is the 
palpation of the ipsilateral arytenoid cartilage and 
posterior cricoarytenoid muscle.?^ Spahn et al? modi- 
fied the procedure by insertion of a needle into the 
vocal muscle through the cricothyroid membrane and 
observed the movements of the needle after electri- 
cal stimulation of the RLN. Manometric methods 
used specially designed endotracheal tubes with dou- 
ble cuffs.” The lower cuff blocked the trachea, and 
the upper cuff was placed at the level of the vocal 
cords. The pressure changes of the upper cuff were 
registered. However, these methods have been aban- 
doned in favor of electromyographic (EMQ) regis- 
tration of nerve response because of greater reliabil- 


ity. 


The EMG methods may be divided into 2 groups 
that register the EMG potentials either with surface 
electrodes or needle electrodes. Rea? used a postcri- 
coid surface electrode. Intralaryngeal surface elec- 
trodes are integrated in the endotracheal tube or at- 
tached to it.?.1? However, a comparative study of the 
systems showed higher EMG amplitudes and less ar- 
tifact for the intralaryngeal surface electrodes.!! Nee- 
dle electrodes are used in various modes. Concen- 
tric bipolar needle electrodes are inserted intraop- 
eratively through the cricothyroid membrane into the 
vocal muscle.!>!3 For monopolar endolaryngeal 
EMG registration, 2 standard 12-mm subdermal elec- 
trodes are placed into the vocal cord via direct laryn- 
goscopy.1^ Other authors have used 2 fine hooked 
wire electrodes that were placed éndoscopically into 
the vocal cord with a special insertion device.15.1é 


The purpose of the present study was to compare 
the intralaryngeal surface electrode, the bipolar trans- 
ligament electrode, and the monopolar endolaryngeal 
needle electrodes in a prospective clinical evalua- 
tion of electrophysiological monitoring of the RLN 
during thyroid surgery. 


MATERIAL AND METHODS 


From January to July 2001, 16 consecutive patients 
undergoing thyroid surgery were enrolled in the study. 
The underlying diseases were benign multinodular 
goiter (n = 13), papillary carcinoma (n = 2), and toxic 
adenoma (n = 1). Five patients underwent bilateral 
operation. Thus, 21 RLNs were at risk and could be 
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Fig 1. Surface electrode and monopolar electrodes seen 
in direct laryngoscopy. 


monitored. In | patient, there was a preoperative RLN 
palsy due to poliomyelitis that had been incurred 40 
years earlier. 


In a prospective clinical study, the intralaryngeal 
surface electrode, the monopolar endolaryngeal nee- 
dle electrodes, and the bipolar transligament electrode 
were placed in all patients. A standard EMG machine 
(Neurosign 100) with an integrated nerve stimulator 
was used. Additionally, EMG signals were depicted 
by online documentation software (Inomed, Tenin- 
gen, Germany) for graphic display and further analy- 
sis (waveform and duration of EMG potentials). After 
surgical exposure, the RLN was stimulated by a con- 
centric bipolar probe. The stimulating current was set 
at 0.7 mA, and the stimulation frequency was 3 Hz. 
The electrode impedance was constantly monitored 
by the Neurosign 100. Thus, any dislocation of the 
electrode or defective wiring was easily checked. 


The intralaryngeal surface electrode (Xomed- 
Treace) consists of a flexible plastic body. One side 
of the plastic body features a printed circuit that is in 
electrical contact with the vocal cords. The other side 
of the electrode carries an adhesive pad for attach- 
ment of the electrode to a conventional endotracheal 
tube 10 mm above the cuff. Placement of the elec- 
trode and intubation was performed by the anesthe- 
siologist. 


For monopolar endolaryngeal EMG registration, 
2 standard 12-mm subdermal electrodes were used 
(Fig 1). After visualization of the larynx by direct 
laryngoscopy, the electrodes were grasped bv a for- 
ceps and set into the vocalis muscle and lateral cri- 
coarytenoid muscle. Care was taken not to dislocate 
the electrodes during the withdrawal of the laryngo- 
scope. The time taken for the placement procedure 
was registered. 


The bipolar transligament electrode was placed in- 
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Fig 2. Tips of bipolar and monopolar needle electrodes. 
Rule is in centimeters. 


traoperatively after exposure of the prelaryngeal re- 
gion. The electrode was introduced into the vocalis 
muscle and lateral cricoarytenoid muscle via the cri- 
cothyroid ligament in a laterocranial direction at an 
angle of about 30°. Then, the electrode wire was con- 
nected to the preamplifier of the Neurosign 100 (Fig 
2). The number of punctures taken to obtain EMG 
potentials was noted. 


No restrictions were set concerning the relaxation 
of the patients during anesthesia. A high degree of 
relaxation was actually desired, because it is well 
known that swallowing movements may easily dis- 
locate the monopolar endolaryngeal needle elec- 
trodes.!/ These electrodes are straight and lack a hook 
to prevent extrusion. On stimulation of the RLN, the 
degree of patient relaxation was assessed by the 
twitch response of the adductor pollicis muscle fol- 
lowing train-of-four stimulation of the ulnar nerve. 


stimulation of the RLN was in random order for 
the 3 types of electrode systems. The maximal ampli- 
tude of the signals was recorded. Moreover, the wave- 
form and duration of the EMG potentials were ana- 
lyzed. A Wilcoxon signed-rank test was used for sta- 
tistical amalysis, and the level of significance was 
set at p « .05. 


The vocal cords of each patient were checked on 
the first postoperative day by fiber laryngoscopy. 


RESULTS 


After stimulation of the RLN, reliable EMG poten- 
tials could be registered in all cases with the mono- 
polar endolaryngeal and the bipolar transligament 
electrodes. With the intralaryngeal surface electrode, 
reliable EMG potentials were evoked in only 16 of 
the 21 stimulated RLNs, and no EMG potentials were 
observed in 5 cases. The degree of muscular relaxa- 
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Fig 3. Graphic display of typical waveforms 
of electromyographic potentials obtained with 
A) endolaryngeal monopolar electrodes, B) bi- 
polar transligament electrode, and C) intrala- 
ryngeal surface electrode. Arrows — stimula- 
tion artifact. 2 


Amplitude (mV) 
c 
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tion was on average (tSD) 0.67 + 0.7 twitch after 
train-of-four stimulation of the ulnar nerve. This rela- 
tively high degree of muscular relaxation at the time 
of RLN stimulation may have contributed to the ab- 
sent EMG responses with the intralaryngeal surface 
electrode. In 4 cases of missing EMG potentials, the 
. patients had O twitch, indicating near-complete mus- 





Time (ms) 


Time (ms) 





Time (ms) 


cular relaxation. However, the disposable surface 
electrode was found to be detached from the endo- 
tracheal tube at its withdrawal in 2 patients with 2 
stimulated RLNs. No case of displacement of the 
electrode was indicated by impedance surveillance. 
The patient with preoperative RLN due to poliomye- 
litis showed reliable EMG potentials within normal 
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limits with all 3 types of electrodes. 


The maximal amplitudes of EMG potentials were 
on average (SD) 1.61 + 1.6 mV, 2.37 + 1.8 mV, and 
0.35 € 0.4 mV for the monopolar endolaryngeal, bi- 
polar transligament, and intralaryngeal surface elec- 
trodes, respectively. A typical waveform for each type 
of EMG electrode is shown in Fig 3. The mean 
(£SD) durations of the compound action potential 
were 14.7 + 2.7 ms, 4.3 + 0.4 ms, and 1.7 = 0.3 ms 
for the monopolar endolaryngeal, bipolar transliga- 
ment, and intralaryngeal surface electrodes. respec- 
tively. All differences of amplitude and duration of 
the EMG potentials were significant for the 3 types 
of electrodes. 


The time taken for direct laryngoscopy and place- 
ment of the monopolar endolaryngeal electrodes was 
on average (+SD) 8.1 € 3.1 minutes. Direct laryngos- 
copy was performed without problems in all patients. 


Reliable EMG potentials were obtained with the 
bipolar transligament electrode in 17 of the 21 cases 
at the first puncture and in 4 of the 21 cases at the 
second puncture. No more than 2 punctures were nec- 
essary in any case. The vocal cords had a normal 
aspect on the first postoperative day in all 4 patients 
with 2 punctures. Thus, an additional puncture was 
not associated with an increased incidence of hema- 
toma of the vocal cords. In | patient, placement of 
the bipolar transligament electrode was hampered by 
a gross nodular goiter with a weight of 450 g. The 
electrode could only be placed after extensive mobili- 
zation of the upper lobe of the goiter, which was a 
prerequisite for sufficient exposure of the cricothy- 
roid membrane. 


Fiber laryngoscopy on the first postoperative day 
showed normal vocal cord function except for the | 
patient with preexisting palsy of the RLN. A slight 
hematoma of the vocal cord was found in 3 cases 
and resolved spontaneously within a few days. 


DISCUSSION 


The largest amplitude EMG potentials were found 
with the bipolar transligament electrode, followed by 
the endolaryngeal monopolar electrodes, with mean 
amplitudes of 2.37 mV and 1.61 mV, respectively. 
With these EMG potentials, the Neurosign 100 pro- 
duced loud acoustic signals of low pitch tha: could 
easily be distinguished from stimulation artifacts. 
However, the EMG potentials with the intralaryngeal 
surface electrode were considerably smaller, with an 
average amplitude of 0.35 mV. It is well known from 
electrophysiology that surface electrodes produce 
smaller potentials than needle electrodes for reasons 
of electrical impedance. The mucus of the tracheal 


secretions may additionally impair the transmission 
of electrical signals between the vocal cords and the 
surface electrode. 


The EMG potentials below 0.2 mV may be acous- 
tically confused with direct stimulation artifacts. The 
acoustic signals from true EMG potentials and stim- 
ulation artifacts are of low pitch and high pitch, re- 
spectively. Precise distinction is possible by a graphic 
display showing a typical biphasic EMG potential 
following stimulation of nerve and a monophasic po- 
tential in the case of stimulation artifacts. However, 
the Neurosign 100 is not routinely fitted with a graph- 
ic display. 


The bipolar transligament electrode and the endo- 
laryngeal monopolar electrodes showed consistently 
reliable EMG responses in 100% of the stimulated 
RLNs — even in patients with near-complete mus- 
cular relaxation. However, only 7696 (16/21) had reli- 
able EMG potentials with the intralaryngeal surface 
electrode. Using the same surface electrode, Gericke 
and Müller!” and Horn and Rótzscher!? found reli- 
abilities of 80% and 93%, respectively. In both stud- 
ies, only short-acting depolarizing agents were al- 
lowed for the induction of anesthesia. The lower rate 
of reliability in our study may be partly explained 
by the fact that no restrictions were made concerning 
muscular relaxation. However, in 2 cases, the surface 
electrode was found to be detached from the endotra- 
cheal tube. Our data suggest a higher reliability with 
needle electrodes (bipolar transligament and mono- 
polar endolaryngeal electrodes) than with the intra- 
laryngeal! surface electrode. 


The analysis of the waveforms of the EMG poten- 
tials revealed distinct patterns of monopolar and bi- 
polar needle electrodes. The potentials from the endo- 
laryngeal monopolar electrodes were longest, with 
an average duration of 14.7 ms. The long duration 
may be explained by the position of the monopolar 
electrodes, which are generally placed about 6 to 8 
mm apart. With the bipolar transligament electrode, 
potentials were significantly shorter, with a mean du- 
ration of 4.3 ms, because of the extremely short dis- 
tance between the concentric electrodes located at 
the point of the needle. The very short duration of 
EMG potentials seen with the intralaryngeal surface 
electrode, with a mean of only 1.7 ms, may be attrib- 
uted to the small amplitude and the different behavior 
of surface electrodes as compared to needle elec- 
trodes. 


Hooked wire electrodes consist of fine platinum 
wires that are inserted into the vocal cords with a 
special adapter.!?.!6 [n the present study, hooked wire 
electrodes were not used for several reasons: 1) the 
electrical impedance of hooked wire electrodes is 
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.PROPERTIES OF ELECTRODES USED FOR INTRAOPERATIVE MONITORING OF RECURRENT LARYNGEAL NERVE 


Bipolar Transligament 


Electrode 

Mean (+SD) amplitude of 2.37 x 1.8 

electromyographic potentials 

(mV) 
Reliability (%) 100 
Muscle relaxation during Permitted 

stimulation 

Reusability of electrode Reusable 
Disadvantages Insertion difficult in large 


goiters; electrode wire may 
obstruct operative field 


fivefold greater than that of conventional electrodes; 
2) the handling of the extremely fine platinum wires 
(0.002 inch in diameter) is cumbersome; and 3) the 
electrodes are costly and for single use only. 


Practical considerations are also important in mak- 
ing the decision as to which electrode is most suitable 
for a given clinical situation. Anesthesia is facilitated 
if no restrictions are made concerning muscular relax- 
ation, as is possible when the bipolar transligament 
electrode and the endolaryngeal monopolar elec- 
trodes are used. Direct stimulation of the surgically 
exposed RLN consistently allows the registration of 
reliable EMG potentials even if the anesthesiologist 
finds no muscular contraction after routine transcu- 
taneous stimulation of the ulnar nerve. However, only 
short-acting depolarizing agents should be allowed 
with the intralaryngeal surface electrode. Direct lar- 
yngoscopy is necessary for the placement of endo- 
laryngeal monopolar electrodes. In general, the skills 
of an experienced otolaryngological surgeon are re- 
quired for easy performance. However, direct laryn- 
goscopy may not be possible for anatomic reasons 
of the neck, as, for instance, in Bechterew's disease. 
On the other hand, the intralaryngeal surface elec- 





Direct laryngoscopy necessary; 
electrode placement by skilled 
otolaryngological surgeon; mean 
insertion time: 8 minutes 


Monopolar Endolaryngeal Intralaryngeal Surface 


Electrodes Electrode 
1.61 t 1.6 0.35 + 0.4 
100 76 
Permitted Not permitted 
Reusable Single-use 


Small electromyographic 
potentials may be confused 
with stimulation artifacts 


trode may be positioned by the anesthesiologist. In- 
sertion of the bipolar transligament electrode can be 
difficult in large goiters with a redundant superior 
lobe and isthmus. Moreover, the electrode wire may 
disturb the operating field. Advantages and disadvan- 
tages of the different types of electrodes are summa- 
rized in the Table. 


The present study confirms a high reliability and 
practicability of the endolaryngeal monopolar elec- 
trodes and the bipolar transligament electrode for 
RLN monitoring in thyroid surgery. Both types of 
electrodes are reusable and therefore cost-effective. 
Needle electrodes should be preferred over surface 
electrodes for electrophysiological reasons whenever 
possible. The intralaryngeal surface electrode may 
be indicated, however, if 1) direct laryngoscopy is 
not available or is impossible for anatomic reasons 
and endolaryngeal monopolar electrodes cannot be 
placed or 2) insertion of the bipolar transligament 
electrode is difficult because of an extremely large 
goiter. Precise knowledge of the advantages and dis- 
advantages enables the clinician to make the appro- 
priate choice of the electrode type for RLN monitor- 
ing in thyroid surgery. 
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SPONTANEOUS INTRACRANIAL HYPOTENSION: A RARE CAUSE OF 
LABYRINTHINE HYDROPS 
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Spontaneous intracranial hypotension should be considered as a possible cause of cochlear hydrops. We report a case of unilat- 
era] hearing loss attributed to spontaneous intracranial hypotension on the basis of characteristic abnormalities seen on magnetic 
resonance imaging. The diagnostic gold standards for intracranial hypotension are lumbar measurement of cerebrospinal fluid pres- 
sure and magnetic resonance imaging. The usual treatment is an autologous blood injection into the peridural spaces. The mechanism 
of hearing loss is thought to involve secondary perilymph depression due to a patent cochlear aqueduct. This perilymph depression 
would induce a compensatory expansion of the endolymphatic compartment, with a subsequent decrease in basilar or Reissner's 
membrane compliance. Endolymphatic hydrops can occur in the course of intracranial hypotension, and not only because of abnor- 
mal endolymph production or resorption. Hydrops can thus be classified into 1) syndromes of endolymphatic origin and 2) syn- 
dromes of perilymphatic origin, in which loss of perilymph induces compensatory expansion of the endolymphatic space. 


KEY WORDS —- cerebrospinal fluid, cochlear aqueduct, headache, hearing loss, hydrops, spontaneous intracranial hypoten- 


sion. 


INTRODUCTION 


Spontaneous intracranial hypotension (SIH) is a 
rare condition first described in 1938 by Schalten- 
brand.! The advent of magnetic resonance imaging 
(MRI) renewed interest in STH. 


The most prominent feature of this syndrome is 
profound orthostatic headache provoked by sitting 
or standing and relieved by lying flat. Associated 
symptoms may include postural tinnitus, vertigo, nau- 
sea, and mild neck stiffness.” 


We report a case of unilateral hearing loss attrib- 
uted to SIH on the basis of characteristic MRI ab- 
normalities. Specific treatment yielded complete clin- 
ical recovery and MRI normalization: Spontaneous 
intracranial hypotension should be considéred as a 
possible cause of cochlear hydrops. ^. =- 


CASE REPORT - 


A 37-year-old man gradually developed severe, 
generalized headache. It was postural, occurring in 
the upright posture and being relieved within a few 
minutes of lying flat. Associated features included 
“echoing” in his ears, mild dizziness, and hearing 
loss on the left side. He was unable to work and was 
admitted 3 weeks after onset. At entry, he was apy- 
rexic and well hydrated, with unremarkable neuro- 
logic findings. The findings on otoscopy were nor- 
mal, and pure tone audiometry showed mild unilat- 


eral hearing loss on the left side, affecting the lower 
frequencies. The stapedial reflex was preserved. In- 
terestingly, the hearing loss seemed to fluctuate with 
changes in body position. In particular, lying flat im- 
proved the hearing of low frequencies on 3 consecu- 
tive audiograms (average curve in Fig 1A). Cerebral 
MRI revealed 2 characteristic signs: 1) diffuse bilat- 
eral subdural collections on T2-weighted acquisitions 
(Fig 2A); and 2) meningeal enhancement on T1- 
weighted acquisitions following administration of 
gadolinium (Fig 2B). 


A lumbar blood patch improved the symptoms 
(headache, resonant distortion, tinnitus, and deafness; 
Fig 1B) and led to the disappearance of the dural 
enhancement (Fig 2C). The patient remains without 
symptoms 12 months later. 


DISCUSSION 


Mechanisms of Spontaneous Intracranial Hypo- 
tension. Spontaneous intracranial hypotension is con- 
sidered rare?? relative to low-pressure headaches fol- 
lowing lumbar puncture, myelography, and spinal 
surgery. Spontaneous intracranial hypotension is de- 
fined by a cerebrospinal fluid (CSF) pressure of less 
than 60 mm H20 in a patient without a recent his- 
tory of lumbar puncture or neurosurgery.^ Reduced 
production, increased resorption, and leakage of CSF 
are all possible etiologic mechanisms. Several argu- 
ments, however, support the leakage hypothesis. 
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First, spontaneous CSF leakage has been shown in 
the cervical, dorsal, or lumbar spine by radionucleo- 
tide cisternography,? contrast myelography,?6 and 
spinal MRI.’ Second, a history of minor head injury 
or vigorous exercise is frequent in SIH,’ possibly re- 
sulting in dural tears on vulnerable lumbar roots. 


Cranial nerve impairment has been reported in the 
course of SIH (sixth nerve paralysis’). However, 
postural headache (which appears in the upright po- 
sition and improves in the supine position) remains 
the cardinal sign of SIH.!? Postulated mechanisms 
include sagging of the brain, dilation of intracranial 
veins, traction of pain-sensitive tethering veirs (which 
suspend the brain from the large dural sinuses), and 
activation of adenosine receptors.!! Observed sub- 
dural hematoma, however, supports the hypothesis 
of traction of tethering veins. 

Mechanism of Hearing Impairment. It is well 
known that intracranial hypotension can affect hear- 
ing thresholds — for example, as after spinal anes- 
thesia (3% of reversible hearing loss!2) and intracra- 
nial surgery (20% of contralateral hearing loss after 
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Fig 1. Left pure tone audiograms. 
A) At entry, showing lower-fre- 
quency hearing loss with postural 
changes. Dotted line — in upright 
posture; continuous line — after 
few minutes of lying flat. B) Af- 
ter lumbar blood patch, showing 
significant improvement in hear- 
ing of lower frequencies associ- 
ated with clinical recovery. 
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acoustic neuroma surgery!>). The severity of hear- 
ing loss and the number of frequencies involved cor- 
relate with the amount of CSF lost. !4 


Under normal conditions, the pressures in the CSF, 
perilymph, and endolymph are equal.!? However, the 
cochlear aqueduct may remain patent in some indi- 
viduals. so that CSF pressure variations might be 
transmitted more quickly to the perilymph compart- 
ment than to the endolymph compartment. Indeed. 
the fact that the endolymphatic sac is enclosed in the 
dura may lessen the pressure transmission. In SIH. 
CSF loss may secondarily induce perilymph depres- 
sion with compensatory expansion of the endolym- 
phatic compartment!® and a subsequent endolym- 
phatic hydrops.!^!8 Thus, endolymphatic hydrops 
might occur not only because of abnormal endolymph 
production or resorption,!?-?! but also in the course 
of intracranial hypotension. If so, hydrops may be 
classified into 1) syndromes of endolymphatic ori- 
gin (Meniere's disease, autoimmune processes) and 
2) syndromes of perilymphatic origin, in which loss 
of perilymph induces compensatory expansion of the 





Fig 2. Magnetic resonance images. A) T2-weighted axial image shows bilateral subdural collections (arrowheads). B) TI- 
weighted coronal image with gadolinium contrast shows extensive meningcal enhancement (arrowheads). C) Disappearance 
of meningeal enhancement 2 weeks after lumbar blood patch on TI-weighted images with gadolinium (arrowheads). 
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endolymphatic space. The latter may be observed in 
a variety of conditions, such as perilymphatic fistula 
(spontaneous or traumatic) and intracranial hypoten- 
sion with a patent cochlear aqueduct. 


It is unclear why hearing loss is so rare in the 
course of SIH. It may be absent in the unknown pro- 
portion of patients with a lack of patency of the co- 
chlear aqueduct.^^ In addition, some patients are 
probably misdiagnosed because of other major clini- 
cal complaints (eg, headache, oculomotor nerve pa- 
ralysis) or because only a few frequencies are in- 
volved. 


Diagnosis and Treatment. The diagnostic gold 
standard for intracranial hypotension is direct mea- 
surement of CSF pressure by lumbar puncture, but 
noninvasive techniques have been developed. The 
tympanic membrane displacement measurement tech- 
nique has been used to provide reliable measures of 
perilymphatic pressure and CSF-perilymphatic pres- 
sure transfer. Magnetic resonance imaging shows 
characteristic signs of intracranial hypotension, name- 
ly, 1) abnormal, intense, diffuse, symmetric, and con- 
tiguous enhancement of the supratentorial and infra- 
tentorial dura, including the convexities, interhemi- 
spheric fissure, tentorium, and falx, and 2) abnormal 
dural venous sinus enhancement suggesting compen- 
satory venous expansion.** These aspects (subdural 
collections and dural enhancement) are observed as 
a result of the decreased CSF volume in the course 
of post-lumbar puncture headache, as well as in the 
SIH syndrome. 


Use of color Doppler flow imaging to measure 
blood flow in the superior ophthalmic vein has been 
successfully used for the diagnosis of intracranial hy- 
potension,?? but it remains underused in the diagnosis 
of SIH. Cisternography and myelography can be used 


to locate the site of leakage or excessive resorption, 
but these examinations are not generally required; 
in a patient with typical clinical and imaging signs, 
neither CSF pressure measurement nor precise loca- 
tion of the leakage point is required for the diagno- 
Sis. 


Empirical treatment includes bed rest and admin- 
istration of caffeine, corticosteroids, or mineralocor- 
ticoids.^ However, the most widely used treatment, 
based on the leakage hypothesis, is the epidural blood 
patch. This technique consists of injecting autolo- 
gous blood into the peridural spaces so as to form a 
hematoma. Thirty milliliters of blood is injected — 
less, if the patient feels dorsal pain. It is not neces- 
sary to know the precise location of the leak, as the 
blood clot distributes itself over approximately 10 
medullar segments. This technique was successfully 
used in our patient. 


CONCLUSION 


Spontaneous intracranial hypotension is a rare syn- 
drome defined by postural headache associated with 
low CSF pressure («60 mm H20) in the absence of 
dural puncture or surgery. Vertigo, tinnitus, and "echo- 
ing" in the ears are frequently part of the SIH syn- 
drome, but hearing loss with a postural component 
is rare. The case we present suggests that labyrin- 
thine signs in the course of SIH are related to hy- 
drops of perilymphatic origin. This observation would 
allow hydrops to be classified as the consequence of 
either 1) endolymphatic hypertension (Meniere's dis- 
ease, autoimmune processes) or 2) perilymphatic de- 
pression with compensatory expansion of the endo- 
Iymphatic space (perilymphatic fistula, or intracra- 
nial hypotension, in the case of a patent cochlear aque- 
duct). 


REFERENCES 


I. Schaltenbrand G. Neuere Anschauungen zur Pathophys- 
iologie der Liquorzirkulation. Zentralbl Neurochir 1938;3:290- 
300. 


2. Rando TA, Fishman RA. Spontaneous intracranial hypo- 
tension: report of two cases and review of the literature. Neurol- 
ogy 1992;42:481-7. 


3. Kosmorsky GS. Spontaneous intracranial hypotension. 
A review. J Neuroophthalmol 1995;15:79-83. 

4, Ramadan NM. Headache caused by raised intracranial 
pressure and intracranial hypotension. Curr Opin Neurol 1996; 
9:214-8. 

5. Schievink WI, Meyer FB, Atkinson JL, Mokri B. Spon- 
taneous spinal cerebrospinal fluid leaks and intracranial hypo- 
tension. J Neurosurg 1996;84:598-605. 

6. Fishman RA, Dillon WP. Dural enhancement and cere- 
bral displacement secondary to intracranial hypotension. Neurol- 
ogy 1993;43:609-11. 


7. Christoforidis GÀ, Mehta BA, Landi JL, Czarnecki EJ, 


Piaskowski RA. Spontaneous intracranial hypotension: report 
of four cases and review of the literature. Neuroradiology 1998; 
40:636-43. 


8. Blank SC, Shakir RA, Bindoff LA, Bradey N. Spontane- 
ous intracranial hypotension: clinical and magnetic resonance 
imaging characteristics. Clin Neurol Neurosurg 1997;99:199- 
204. 


9. Alvarez Sabin J. Spontaneous intracranial hypotension 
and sixth cranial nerve paralysis [in Spanish]. Neurologia 1996; 
11:358. 


10. Mokri B, Piepgras DG, Miller GM. Syndrome of ortho- 
static headaches and diffuse pachymeningeal gadolinium en- 
hancement. Mayo Clin Proc 1997;72:400-13. 


11. Khurana RK. Intracranial hypotension. Semin Neurol 
1996;16:5-10. 


.12. Panning B, Lehnhardt E, Mehler D. Transient low fre- 
quency hearing loss following spinal anesthesia [in German]. 
Anaesthesist 1984;33:593-5. 


820 Portier et al, Spontaneous Intracranial Hypotension & Labyrinthine Hydrops 


13. Walsted A, Nielsen OA, Borum P. Hearing loss after neu- 
rosurgery. The influence of low cerebrospinal fluid pressure. J 
Laryngol Otol 1994;108:637-41. 


14. Walsted A. Effects of cerebrospinal fluid loss on hear- 
ing. Acta Otolaryngol Suppl (Stockh) 2000(suppl 543):95-8. 


15. Bohmer A. Hydrostatic pressure in the inner ear fluid com- 
partments and its effects on inner ear function. Acta Ctolaryngol 
Suppl (Stockh) 1993(suppl 507):3-24. 


16. Hughson W. A note on the relationship of cerebrospinal 
and intralabyrinthine pressures. Am J Physiol 1932;101:396-407. 


17. Michel O, Brusis T. Hearing loss as a sequel of lumbar 
puncture. Ann Otol Rhinol Laryngol 1992:101:390-4. 


18. Walsted A, Salomon G, Thomsen J, Tos M. Hearing de- 
crease after loss of cerebrospinal fluid. A new hydrops model? 
Acta Otolaryngol (Stockh) 1991:111:468-76. 


19. Baloh RW. Vertigo. Lancet 1998;352:1841-6. 


20. Andrews JC. Laboratory experience with experimental 


e 


endolymphatic hydrops. Otolaryngol Clin North Am 1997:30: 
969-76. 


21. Merchant SN, Rauch SD, Nadol JB Jr. Meniere’s disease. 
Eur Arch Otorhinolaryngol 1995;252:63-75. 


22. Wagner N, Walsted A. Postural-induced changes in intra- 
cranial pressure evaluated non-invasively using the MMS-10 
tympanic displacement analyser in healthy volunteers. Acta Oto- 
laryngol Suppl (Stockh) 2000(suppl 543):44-7. 


23. Marchbanks RJ, Reid A. Cochlear and cerebrospinal fluid 
pressure: their inter-relationship and control mechanisms. Br J 
Audiol 1990;24:179-87. 


24. Bakshi R, Mechtler LL, Kamran S, et al. MRI findings 
in lumbar puncture headache syndrome: abnormal dural-menin- 


geal and dural venous sinus enhancement. Clin Imaging 1999; 
23:73-6. 


25. Chen CC, Luo CL, Wang SJ, et al. Colour Doppler imag- 
ing for diagnosis of intracranial hypotension. Lancet 1999:354: 
826-9. 


EUROPEAN ACADEMY OF ALLERGOLOGY AND CLINICAL IMMUNOLOGY 


The Congress of the ENT Section of the European Academy of Allergology and Clinical Immunology will be held in Ghent, Belgium, 
November 15-18, 2003, and will be accompanied on November 17-19, 2003. by the Fifth International Symposium on Experimental 
Rhinology and Immunology of the Nose. For further information, contact Congress Secretariat, Semiconv, Korte Meer 16, B-9000 Ghent, 
Belgium; telephone +32 9 233 86 60; fax +32 9 233 85 97: e-mail eaaci@semico.org or see the web site http://www.semico.org/serin. 


Ann Otol Rhinol Laryngol 111:2002 


NONCONTACT THREE-DIMENSIONAL LASER MEASURING 
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Luminal dimension measurements are still an unsolved problem in endoscopy. The goal of our study was to develop a 3-dimen- 
sional (3-D) measuring device for endoscopic applications. For this purpose, a fiber probe projecting a ring of laser light (laser diode, 
675 nm) was integrated in a position registration system. Software was developed for image analysis, distortion correction, and 
export of data for 3-D display. Experimental evaluation of measuring accuracy employing plastic tubes and 15 postmortem pig 
trachea preparations with artificial stenosis indicated a high level of method precision (Pearson's correlation coefficients, r = 0.99 for 
normal tracheal lumen and r = 0.97 for high-grade stenosis; p < .0001). Our clinical experience with the technique in 10 patients with 
tracheal stenosis revealed no side effects and encourages us to recommend this. method for other endoscopic applications. The 


method enhances our 3-D grasp of endoscopically examined lesions. 


KEY WORDS — airway, diagnostics, endoscopy, laser, measuring methods, three-dimensional imaging, tracheal stenosis. 


INTRODUCTION 


Diagnostic and therapeutic use of endoscopes is 
still on the increase. Excellent endoscopic image 
quality and documentation are now obtainable. It 
must be kept in mind, however, that these images do 
not represent the true size of endoscopically exam- 
ined human body structures. The problem is inher- 
ent to the optical characteristics of endoscopes. The 
telescoping effect of the endoscope lenses causes ste- 
nosis located at a distance from the tip of the endo- 
scope to appear higher-grade, and stenosis detected 
very close to the endoscope tip to appear lower-grade, 
than is actually the case. The miniature optics of cur- 
rent endoscopes have a second negative aspect: the 
images are spherically distorted. The size, quality, 
and color of the endoscopic images are also influ- 
enced by the settings of the charge-coupled device 
(CCD) cameras, picture amplifiers, and monitors 
used. 


Endoscopic findings must therefore be critically 
evaluated by the examiner. The endoscopy report un- 
avoidably reflects personal experience and subjec- 
tive estimations, rendering objective comparison of 
such reports difficult, especially when different ex- 
aminers have been at work. 


Based on these considerations, our goal was to de- 
velop a new measuring device for tracheoscopy that 
would enable physicians to compare findings, to mea- 
sure diameter, cross-sectional area, and stenosis 


length, and to obtain a 3-dimensional (3-D) view of 
the airway. The need for such a tool is felt keenly in 
cases of benign and malignant stenosis of the aerodi- 
gestive tract and may also prove useful for pharyn- 
geal obstruction during snoring, stenoses of the blood 
vessels, urogenital tract, and bile duct, measuring ex- 
pansion of tumors and ulcers in the gastrointestinal 
tract, and numerous other medical applications. 


METHOD 


New Device and Our Technique. Our method com- 
bines laser-ring marking of a discrete cross section 
of the trachea with a probe position sensor integrated 
inatrue-image 3-D tracheoscopic measuring system. 
Laser light delivered from a laser diode (LQ6-675, 
HIV GmbH, Wadgassen, Germany; wavelength, 675 
nm) is bundled and sent through a single-mode laser 
fiber. This marking laser fiber can be introduced as a 
probe into the suction channel of a flexible endo- 
scope or is guided adjacent to the housing of a rigid 
endoscope. 


The distal end of the laser fiber is connected to a 
device that reflects the laser light delivered by the 
fiber optics in a transverse, circular plane so that a 
ring of red light is projected onto the internal sur- 
face of the tracheal wall (Fig 1). The size and form 
of this laser ring incorporates the desired informa- 
tion on the diameter and cross-sectional area of the 
marked lumen segment. 


In tracheoscopy, the laser marking fiber is adjusted 
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Fig 1. Laser fiber tip. Laser fiber probe is inserted into 
suction channel of flexible endoscope. Circular reflect- 
ing device at tip of probe generates ring of red laser light 
onto inner surface of tracheal wall. 


by the endoscopic examiner so that the axis of the 
fiber corresponds to the axis of the trachea in the 
flexible or rigid bronchoscope. This step ensures that 
the actual cross section of the trachea is measured. 
The maximum margin of measuring error due to a 
nonparaxial positioning of the laser fiber in relation 
to the tracheal axis is <1%. 


The relative magnification of the laser ring can be 
determined mathematically on the basis of the known 
distance between the ring and the distal end of the 
endoscope. The image spatial distortion error result- 
ing from the spherical aberration of the integrated 
microlens optics was corrected by standardizing the 
measuring system for individual endoscopes. 


When a beam splitter is added to the eyepiece of 
the endoscope, one copy of the endoscopic image 
information is made available for image processing, 
and the other can be examined by the endoscopist. A 
bandpass filter was coupled to a CCD camera (C- 
CS8320BC, NET GmbH, Gerlinden. Germany). 
Wavelengths in the area of the laser spectrum were 
filtered out of the illuminating white light to keep it 
from whiting out the measuring image. 


The outer surface of the laser probe was marked 
with incremental black rings (Fig 2). We developed 





a noncontact sensor to read the ring pattern. The sen- 
sor records the movement of the laser probe in l-mm 
steps, and the z-coordinates required for 3-D mea- 
surement and display are determined and stored. 


The image processing was done on a standard IBM- 
compatible personal computer by means of software 
also developed by our team (Endoscan 3.0). The soft- 
ware provides for capture and analysis of images in 
|-mm steps during tracheal endoscopy (Fig 3). After 
image processing, distortion correction. and pixel- 
to-millimeter correction, the detected contour of the 
laser ring was stored in a data table comprising 360 
points for each segment. We used commercial 3-D 
viewer software (3D View 3.5, Actify Inc, San Fran- 
cisco, California) to render the measurement results 
3-D. 


Plastic Cylinder Model. In preliminary testing, we 
used transparent acrylic glass cylinders with drilled 
holes of different diameters (20, 18, 16. 15. 14, 12, 
|1, and 10 mm) and marks on the surface at defined 
intervals (6, 12, 18, 24, 30, 36, 42. and 55 mm). The 
tubes were examined 15 times by our measuring 
method. The cross sections and distance values were 
compared with the known dimensions of the acrylic 
tubes. 


Pig Tracheal Model. Fifteen fresh postmortem pig 
tracheal preparations (A, B, C, D, E, F, G, H, K. L. 
N, O, Bl, Xyl, and Xy2) were used to estimate the 
precision of our measuring method under clinically 
relevant conditions. Various stenotic forms were in- 
duced in the pig trachea. Seven pig tracheas were 
deformed by means of external compression in a 
semifrozen state, resulting in 10% to 70% tracheal 
stenoses of the malacia type. We created 3 ring ste- 
noses by means of submucous placement of a loop 
of surgical suture material. Two laryngotracheal junc- 
tions and 2 unchanged tracheal segments of normal 
luminal dimensions were also examined as reference 
material. Finally, we simulated a tracheotomy-like 
lesion in 1 case. After marking the starting point for 
later measurement with a pin, we fixed the trachea 


Fig 2. Laser probe motion detector (1). Two 
reflection light barriers count number of black 
Stripes on laser probe coating that have passed 
sensor. Two key switches (3) are used as fol- 
lows: key 1 resets entire system to 0, and key 2 
is used to mark beginning of pathological find- 
ing. On basis of known stripe width and dis- 
tance between two stripes (2), actual position 
of probe can be determined and stored on com- 
puter. 
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Fig 3. Segmentation of gray scale image. In 1° steps from 
center of image, special edge detection software calcu- 
lates x- and y-pixel positions of "white" laser ring. 


form with a plaster coat and froze the entire tracheal 
preparation. Endoscopic measurement of the prepa- 
rations was done with a rigid endoscope (0° Hopkins 
Optic, Karl Storz, Tuttlingen, Germany) in a fixed 
mount that was moved in 1-mm increments begin- 
ning at the needle-marked starting point. The cross- 
sectional plane of measurement was thus advanced 
from image to image. The total length of the segment 
measured in each tracheal preparation was 50 mm. 


The precision of the endoscopic measuring tech- 
nique was checked against silicone copies of the tra- 
cheal cavities. The casts were made after endoscopic 
analysis of the frozen plaster-coated tracheal seg- 
ments to exclude any changes in the tracheal form. 
We used Sanoform (Sanomed, Hamburg, Germany) 
to prepare the silicone copies. After polymerization 
of the silicone material, the plaster coat and tracheal 
tissue were removed. The control measuring proce- 
dure was carried out with a highly precise Cylan 3- 
D laser scanner (Intecu GmbH, Gera, Germany) with 
a deviation range of less than 30 um. Six of the ref- 
erence silicone copies (B, L, N, Bl, Xyl, and Xy2) 
were excluded from the comparison procedure be- 
cause of rotation instability of the silicone body dur- 
ing measuring. We tested the precision of our method 
of measurement by means of sequential comparison 
of the endoscopic measurement with the cross-sec- 
tional areas calculated by the Cylan scanner for each 
of the 50 "cross sections" per trachea. 


Clinical Evaluation. Practical evaluation was done 
by testing the clinical applicability of the measuring 
system method in 10 cases of routine upper respira- 
tory tract endoscopy in patients who had declared 
informed consent to the procedure. In 4 cases, the 
tracheoscopy was planned as a rigid endoscopy, and 
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Fig 4. Distance measurement. Comparison of median 
measured distance values (marked with “+°) to known 
distance values showed strongly linear correlation with 
minimal standard deviation values (marked with "— ^): 
Pearson’s correlation r = 0.99; p « .0001; n = 120. 


so the measuring technique was adapted to the rigid 
endoscope. In the other 6 cases, the tracheoscopy was 
done with a fiberscope under local anesthesia. All of 
the patients involved had tracheal stenosis. The 4 
rigid endoscopic examinations were performed to- 
gether with therapeutic interventions (3 stent implan- 
tations and 1 laser incision of a scar). The flexible 
endoscopic procedures were indicated for surveil- 
lance purposes after laryngeal and tracheal surgery. 


Statistics. Statistical comparison of the true dis- 
tance and cross-sectional area values and the values 
obtained with our new measuring device was done 
with Pearson's correlation coefficient and the corre- 
sponding confidence intervals. The graphical visual- 
ization of measuring accuracy in relation to refer- 
ence values and corresponding confidence intervals 
was obtained by linear regression with the Passing 
and Bablok plot.! 


RESULTS 


Experimental Results. Our preliminary measure- 
ments of the acrylic glass cylinders validated our dis- 
tance and cross-sectional area measuring system for 
the dimensions prevalent in central airways. The 
transparent acrylic glass cylinder allowed for highly 
exact and reproducible positioning of the laser light 
ring at the respective measuring points marked on 
its surface. 

The distances measured with our new laser probe 
position sensor (Fig 2) and the cross-sectional area 
measurement (Fig 3) corresponded closely to the true 
dimensions of the acrylic cylinder. In 15 completed 
measuring cycles, the distance values were demon- 
strated to be readily reproducible. The maximum de- 
viation among measuring values of the set point to- 
taled 1 mm. No progression of measuring error with 
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Fig 5. Three-dimensional (3-D) visualization. Three-di- 
mensional reconstruction of endoscopically measured 
tracheal segment (trachea F) generates good spatial im- 
pression of stenosis. White arrow (1) shows measuring 
direction. Behind stenosis, small irregularities are seen 
on surface of tracheal wall (black arrows: 2). 


increasing measuring length was observed (Fig 4). 


Our endoscopic 3-D measuring procedure and the 
3-D image reconstruction of the results was success- 
fully completed in all 15 postmortem pig tracheal 
preparations (Fig 5). Tracheas (A) without artificial 
stenosis and with low-grade stenosis (C, D) revealed 
superior measuring accuracy of the Endoscan Sys- 
tem with a Pearson's correlation of r = 0.99 (p < 
.0001) compared to the reference values supplied by 
the Cylan laser scanner (trachea A in Fig 6!) High- 
grade stenosis as in trachea F was also measured en- 
doscopically and correlated closely with the refer- 
ence values of the industrial laser scanner (Fig 7!). 


The Passing and Bablok! plot shows a slightly in- 
creased deviation range for the measuring results on 
270 
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the cross-sectional area values between 92 mm? and 
104 mm?. The measured area values of the actual 
stenotic region (86 to 92 mm?) did not show this di- 
vergence. The total of 50 cross sections compared 
for trachea F showed a good Pearson correlation (rz 
0.97, p « .0001) of endoscopic and reference mea- 
suring values. 


Clinical Results. We evaluated the clinical effici- 
ency of our Endoscan system in 10 cases of tracheal 
stenosis. The Table lists the individual indications 
for tracheoscopy and the subjective evaluation of 
clinical applicability given by the examiner. The bet- 
ter image quality of rigid endoscope optics made au- 
tomatic image analysis and laser ring detection easier 
with rigid scopes than with flexible endoscopy. 


Two problems were encountered in a case of laser 
incision of a tracheal stenosis (patient 3). First, we 
could not measure the tracheal lumen behind the ste- 
nosis correctly, because the technique requires a la- 
ser ring to be positioned at a defined distance from 
the tip of the endoscope. Thus, while the laser probe 
Is still passing through the stenosis, the endoscope 
itself is not. Therefore, the laser ring comes to lie in 
the shadow of the stenosis. The second problem was 
compromised optical quality due to blood and secre- 
tions during surgery. Better results were obtained by 
performing the tracheoscopy several days after sur- 
gical intervention under local anesthesia. 


Using flexible endoscopy, we were able to reach 
and measure all of the relevant tracheal segments. 
Because of the lower image quality with these scopes, 
we had to assist the image processing. The main ad- 
vantage of endoscopy in non-narcotized patients is 
the possibility of analyzing dynamic changes in air- 
Way size. 


In the cases of patients 5 and 9, the tracheoscopy 
and the measuring process were problematic because 
of poor patient compliance, hypersalivation, and mo- 
tion artifact. 


Fig 6. Cross-sectional area measurement in tra- 
chea A, without stenosis. Comparison between 
endoscopically measured cross-sectional area 
and true cross-sectional area was obtained with 
Cylan 3-D scanner. Passing and Bablok! plot 
was used to compare new measurement with 
established one. Dotted lines show linear re- 
gression of true values (Cylan scanner). Bul- 
lets show endoscopically measured values (n 
50). Dashed lines show confidence limits 
(Pearson's correlation r = 0.99: p < .0001). 
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Fig 7. Cross-sectional area measurement intra- «© 
chea F, with high-grade stenosis. Comparison E 130 
between endoscopically measured cross-sec- < 420 
tional area and true cross-sectional area was c 
obtained with Cylan 3-D scanner. Passing and < 110 
Bablok! plot was used to compare new mea- w 
surement method with established one. Dotted 5 100 
lines show linear regression of true values (Cy- < 90 
lan scanner). Bullets show endoscopically mea- z 
sured values (n = 50). Dashed lines show con- 80 
fidence limits (Pearson's correlation r 7 .99; p 
< .0001). 70 
70 
DISCUSSION 


Endoscopy is certainly the best available diagnos- 
tic procedure for stenosis, tumors, and ulcers of lu- 
minal organs. Unlike computed tomography,?> ultra- 
sound. and other imaging techniques, endoscopy has 
not, to date, been susceptible to quantitative evalua- 
tion. 


The length and planar expansion of a pathological 
process are of particular interest to surgeons. The 
grade of stenosis and the spatial expansion of the 
lesion in relation to anatomic landmarks influence 
therapeutic decisions. The use of endoscopic exami- 
nation for endotracheal tube position control and 
quantification of bronchoconstriction has been pro- 
posed.’-8 Direct inspection of the airway lumen makes 
it possible to evaluate the inflammatory status of the 
mucous membrane and the extent of epithelial lesions 
and scars. These features, and the advantage of de- 
creased X-ray exposure, sum up the benefits of en- 
doscopy as compared to computed tomography. 


With the method presented here, noncontact 3-D 
measurement of endoscopic findings was achieved. 
The procedure combines 2-dimensional (2-D) mea- 
surement of the cross-sectional area of the stenotic 
region with registration of the position of the measur- 
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ing tool in the endoscopically examined cavity. This 
technique facilitates high-resolution 3-D measurement 
and graphic display of the internal body surface. 


A number of grading systems for airway stenosis 
have been developed to date. Mechanical instruments 
have been inserted. Stenosis grading was done in 
comparison to known dimensions of the inserted ma- 
terials. Myer et al? used endotracheal tubes of differ- 
ent diameters in evaluation of pediatric stenosis. With 
the help of mechanical instruments like Kasik s!? Ste- 
noquantograph, the Olympus Measuring Device, 
Toohill’s endoscopic ruler,!! or the slide caliper in- 
troduced by Kleinsasser et al,!? it was possible to 
estimate the diameter of short stenoses in some Cases. 
The airway deformities associated with laryngotra- 
cheal stenosis as seen in most therapeutic cases are 
most irregular and have a complex shape when viewed 
3-dimensionally, limiting the utility of these meth- 
ods. The mechanical irritation of the airway mucosa 
represents a further side effect. 


Initial successes in noncontact measurement Were 
achieved by Jones et al? with their method of "photo- 
metrics,” as well as by Doolin and Strande,'* Santos 
et al.!5 Forkert et al,!© and Dunham and Wolf, us- 
ing image calibrating techniques. In the method of 


RESULTS OF CLINICAL APPLICATION OF ENDOSCAN SYSTEM IN TEN CASES OF DIAGNOSTIC AND 


THERAPEUTIC TRACHEOSCOPY . 








Instrumentation Clinical Applicability 





Patient Indication for Endoscopy 
| Dumon stent implantation 
2 Tracheal scar control 
3 Carbon dioxide laser incision 
4 Tracheal resection control 
5 Bilateral vocal fold palsy 
6 Ultraflex stent implantation 
7 Ultraflex stent implantation 
8 Tracheal resection control 
9 Postintubation stenosis 

10 Dumon stent control 


Rigid endoscopy Very good 
Flexible endoscopy Very good 
Rigid endoscopy Difficult 
Flexible endoscopy Good 
Flexible endoscopy Problematic 
Rigid endoscopy Very good 


Rigid endoscopy Very good 


Flexible endoscopy Very good 
Difficult 


Very good 


Flexible endoscopy 
Flexible endoscopy 
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Jones et al, there is no complete cross section, but 
only a single point marked by placing a melted Pro- 
lene sphere at the narrowest point in the stenosis. 
The third dimension was also lacking here; it was 
added by Dunham and Wolf with the restriction of 
proportionate endoscope movement during examina- 
tion and the assumption that the pixel-to-millimeter 
correction factor for the 2-D measurement can be 
used for the 3-D reconstruction. This method is less 
precise than direct measurement. 


In 1983, Spears et al!8 proposed a method of mark- 
ing a discrete cross section of coronary arteries in an- 
gioscopy, using a transverse ring of light transmitted 
through fiberoptics. Independently, our group!?-22 
and a second team? found that a laser ring marking 
may be the best solution for noncontact measurement 
of luminal dimensions of the respiratory tract. For 
the purpose of 3-D measurement and reconstruction, 
it is necessary to record the current position of the 
laser ring in the lumen. We solved this problem and 
combined the 2-D data from the laser ring-based 
measurement of discrete cross sections with a laser 
fiber tip position detection system. In this way, genu- 
ine 3-D measurement of the size and shape of air- 
way lesions is possible (unpublished observations 
presented at the 5th International Meeting on Respira- 
tory Endoscopy, Barcelona, Spain, 1997, and at the 
10th World Congress for Bronchoesophagology, Bu- 
dapest, Hungary, 1998). The evaluation of the data 
can be done in a few minutes on the computer after 
the patient examination. With a Pearson correlation 
of 0.97 <r € 0.99 between our measuring results and 
the controls, the accuracy of our measured values is 
very good. 


The clearest advantage of our new measuring tech- 
nique lies in its unobtrusive handling characteristics; 
ie, the normal procedure of tracheoscopy is not dis- 
turbed. The method proved practical in conjunction 
with rigid endoscopy, as well as with flexible endos- 
copy under local anesthesia. We observed no side 
effects or unpleasantness for the patients. In our clini- 
cal experience, the procedure is relatively safe and 
brief. 


One disadvantage we experienced with this tech- 
nique was a problem with laser ring detection in the 
poststenotic “shadow,” ie, the segment in which the 
endoscopic field of view is blocked by-the stenosis. 
The endoscope is moved from the larynx in the di- 





rection of the carina. The diameter of the prestenotic 
airway and the stenosis itself, as well as the region 
after the stenotic shadow, is readily measurable. The 
shadow problem is experienced only in the short seg- 
ment immediately following the stenosis and only 
in stenoses with a rapid change in diameter. The 
choice of therapy depends on the length, localiza- 
tion, and grade of the stenosis. By the proposed meth- 
od, these parameters can be determined at levels of 
accuracy and reproducibility that meet the demands 
of clinical practice. 


CONCLUSIONS 


The results achieved with our method of analyz- 
ing and evaluating the explored airway improve the 
examining physician's 3-D grasp of airway lesions. 
Dynamic changes in luminal dimensions can also be 
analyzed. For example, it 1s interesting for the air- 
way surgeon to know the consistency of a stenosis. 
Brown et al*4 investigated the variability in the size 
of individual airways over the course of 1 year. With 
the proposed method, objective measurement of the 
flexibility of the tracheal wall, as well as postthera- 
peutic changes, becomes feasible. 


A higher-quality standard can be achieved in such 
cases by using the new measuring technique and plan- 
ning the therapeutic procedure virtually. Tele-medi- 
cal consultation is also conceivable by means of elec- 
tronic transfer of endoscopic measurement data. 


We see a further use for this method in endoscopic- 
assisted manufacturing (EAM) of anatomically en- 
hanced stents and cannulas. It could help avoid inju- 
ries due to incorrect product dimensions. 


Fundamentally, the measurement principles pre- 
sented here can be applied to other endoscopic ap- 
plications, as well: pharyngeal obstructions in snor- 
ing, stenosis of blood vessels, stenosis of the urogeni- 
tal tract or the bile duct, and measurement of tumor 
and ulcer expansion in the gastrointestinal tract. Ap- 
plications outside the field of human medicine are, 
of course, also conceivable. 


Most important, the endoscopic findings can be 
documented in an objective and efficient way. The 
potentials of this method in theoretical and research 
work are considerable: the pathogenesis of airway 
disturbances can be described more accurately and 
vividly to form a basis for better therapeutic concepts. 
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DELAYED PRESENTATION OF LYMPHATIC MALFORMATION OF THE 
CERVICOFACIAL REGION: ROLE OF TRAUMA 
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Lymphatic malformations (LMs) are uncommon congenital lesions that may occur throughout the body, although the head and 
neck region is the most common site. Most LMs are seen at birth. However, they may present in adolescence or adulthood, mainly as 
a result of trauma or infection. We report the case of a 7-year-old boy who presented with an LM of the cervicofacial region causing 
airway compression. We discuss the causes of delayed presentation of these congenital lesions. An overview of the causation, natural 


history, diagnosis, and treatment options is presented. 
KEY WORDS — lymphatic malformation, trauma. 


INTRODUCTION 


Lymphatic malformation (LM) 1s a term that in- 
corporates all congenital malformations of the lym- 
phatic system and is one of the main differentials in 
the diagnosis of congenital masses of the head and 
neck.! It is the result of a defect in the embryologi- 
cal development of primordial lymphatic channels. 
Lymphatic malformations are seen in various forms, 
from a localized spongelike lesion to diffuse involve- 
ment of a particular region or multiple organ sys- 
tems. The majority are noted before the age of 2 years. 
Delayed presentations are often prompted by trauma 
or infection. 


CASE REPORT 


A 7-year-old boy was referred to a local hospital 
with a right-sided neck mass (Fig 1A). He presented 
after sustaining local trauma to the right side of his 
neck in a fall, which had caused unexpected neck 
swelling. The initial line of management was a small 
incision and drainage procedure for a presumed di- 
agnosis of cervical hematoma. However, the neck 
swelling reappeared 24 hours after the incision and 
drainage. Over the next 24 to 36 hours, the neck 
swelling increased in size, and the patient was re- 
ferred to our institution for further workup. His exam- 
ination was significant for fullness in the right side 
of the neck, extending from the body and angle of 
the mandible to the clavicle. Fiberoptic laryngoscopy 
revealed marked medialization of the right lateral 
pharyngeal wall caused by external compression, and 
anormal glottis and normal vocal cord function. Mag- 


netic resonance imaging and computed tomographic 
scans showed a mass consistent with a macrocystic 
LM with mild airway compression (Fig 2). The mass 
was excised. The operative findings included a 10 x 
12-cm mass occupying the entire right side of the 
neck, extending from the base of the skull to the clav- 
icle (Fig 1B). The sternocleidomastoid muscle was 
splayed by the mass, and cranial nerves X, XI, and 
XII and the internal jugular vein were identified and 
protected. The patient made an excellent postopera- 
tive recovery and was discharged home on postoper- 
ative day 3. The histologic examination confirmed 
an LM involving the soft tissue (Fig 3). The mass 
was composed of multiple large, anastomosing, thin- 
walled vascular channels lined by a flat endothelium. 
For the most part, the vascular spaces appeared emp- 
ty, but sometimes they contained a pink, amorphous 
and acellular fluid consistent with LM (Fig 3). The 
patient has been followed for 2 years without any 
evidence of recurrent disease. 


DISCUSSION 


Despite the fact that vascular anomalies of the head 
and neck are common in children, confusion often 
exists in their nomenclature, classification, diagno- 
sis, and treatment.! For example, cystic hygroma, 
lymphangioma, and LM have been used to describe 
the same conditions. The term hemangioma is often 
used to describe various vascular lesions such as 
strawberry marks, port-wine stains, and capillary he- 
mangiomas, which have different causes and natural 
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Fig 1. Clinical photographs. A) Preoperative. B) Intraop- 

erative. 
histories. In 1982, Mulliken and Glowacki? proposed 
a biological classification system based on clinical, 
histochemical, and cellular criteria to distinguish be- 
tween various vascular anomalies. In this classifica- 
tion system, the cervicofacial vascular anomalies are 
divided into 2 categories: hemangiomas and malfor- 
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mations. Vascular malformations are further subdi- 
vided into slow-flow and fast-flow ones.“ 


Hemangioma is the most common vascular tumor, 
presenting in the skin of 4% to 9% of infants.’ It 1s 
more frequent in girls, with a ratio of 3:1. It occurs 
more commonly in white infants than in dark-skinned 
infants. The hallmark of hemangioma is rapid growth 
(the proliferative phase) followed by slow regression 
(the involuting phase). 


In contrast, LMs present with equal frequency in 
both sexes and among races. They can be character- 
ized as microcystic, macrocystic, or combined. His- 
tologically, LMs are formed of vascular spaces filled 
with eosinophilic and protein-rich fluid. There are 
localized collections of lymphocytes, and the walls 
of the lymphatic channels have variable thickness 
and abnormally formed smooth and skeletal muscu 
lar elements.! All LMs are present at birth. However, 
the present case highlights the fact that not all LMs 
are clinically obvious at birth or, indeed, in the first 
2 years of life. Furthermore, it demonstrates the role 
of a relatively minor trauma in bringing LM to clini- 
cal attention. Traumatically revealed LM has been 
reported in different parts of the body, including the 
head, neck, and ulnar nerve.?^? However, the head 
and neck appears to be the most common location 
for traumatically revealed LM.* Although the cause 
is not entirely clear, it appears that trauma may 1n- 
duce changes in the local lymph and blood microcir- 
culation that cause a collection of blood, lymph, and 
swelling.^ 


Lymphatic malformations of the head and neck 
usually present as a swelling that may be either su- 
perficial or deep and either localized or diffuse. They 
are generally harder and more difficult to compress 
than either venous or arteriovenous malformations. 
Pitting edema is usually present in an LM.’ The pre- 
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Fig 2. Imaging. A) Coronal magnetic resonance image. B) Axial magnetic resonance image. C) Axial computed tomogram. 
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Fig 3. Histologic photomicrographs. 


operative investigation of these masses frequently 
involves either computed tomography or magnetic 
resonance imaging." The latter is preferable and will 
show a hyperintense lesion on T2-weighted se- 
quences because of its high water content. Lymphatic 
malformations are slow-flow lesions and. unlike ve- 
nous malformations, do not enhance with gadolinium. 
Contrast administration usually results in enhance- 
ment of the rims of large cysts or septae. 


Lymphatic malformations can be divided into 2 
categories on the basis of anatomic distribution and 
imaging and histologic findings. Type I LMs are lo- 
cated below the level of the mylohyoid muscle and 
involve the anterior and posterior cervical triangles. 
Histologically, they have large cystic structures with- 
out infiltration of the adjacent soft tissue. Type II 
LMs are found above the level of the mylohyoid mus- 
cle and involve the lip, tongue, and oral cavity. These 
lesions classically have smaller lymphatic channels 
with infiltration of the surrounding soft tissue.! The 
2 major complications that may occur with LMs are 
intralesional bleeding and infection.! These can be 
potentially life-threatening, as they may precipitate 
airway compromise. 


The appropriate management of LMs falls into 2 
main categories. Certain macrocystic swellings are 
suitable for embolization with a lyophilized incuba- 
tion mixture of group A Streptococcus pyogenes 


called OK-432.?.!? Other L Ms, which are microcystic 
in nature or have undergone recent trauma, are prob- 
ably best treated surgically. Surgical resection can 
be challenging if the LM crosses tissue planes and 
involves the vital structures. !!-!2 


Therapeutic modalities such as aspiration, radio- 
therapy, and repeated incision and drainage should 
be avoided. Treatment should be based on the type 
of LM (ie, microcystic, macrocystic, combined) and 
the location and extent of the lesion. Surgical exci- 
sion should be undertaken with the thought in mind 
that LMs are benign, and vital structures should not 
be sacrificed. Cold-knife dissection is the technique 
of choice.! Type I lesions are resected fairly easily, 
and surgical intervention should be | -stage and can 
be carried out within the first 9 to 12 months of life. | 
Surgical excision of type II lesions is more challeng- 
ing and often requires staged resection because these 
lesions present without any distinct tissue planes. Re- 
section of these lesions before 5 or 6 years of age is 
recommended.! Lasers have arole in the management 
of lesions of the oral cavity, tongue, and supraglottic 
region. The CO? laser is the technique of choice for 
lesions of the supraglottic area, and the neodymium: 
yttrium-aluminum-garnet laser is effective in the treat- 
ment of tongue and oral cavity lesions. 


The long-term psychological and social ramifica- 
tions of these malformations should not be underes- 
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timated. In consideration of surgical resection of LM, 
issues such as the extent of the lesion, involvement 
of neural and vascular structures, single or staged re- 
section, and realistic expectations on the part of the 


patient should be included. In planning surgical ex- 
cision, restrictions should be set for the extent of dis- 
section, the duration of surgery, and acceptable blood 
loss. 
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POSTNATAL DEVELOPMENT OF STATIC VOLUME OF THE 
EUSTACHIAN TUBE LUMEN 


A COMPUTER-AIDED THREE-DIMENSIONAL RECONSTRUCTION AND 
MEASUREMENT STUDY 
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Eleven human temporal bone-eustachian tube (ET) specimens obtained from 11 individuals (ages, 3 months to 88 years) were 
studied to investigate the static volume of the ET lumen. The volumes were measured by computer-aided 3-dimensional reconstruc- 
tion and measurement methods. Four of the 11 individuals were children. and the remaining 7 were adults. The total volume of the ET 
lumen was significantly larger in the adults than in the children (p < .01). This difference was produced by significant growth of the 
volume of the cartilaginous and junctional portions (p € .01). The lumen of the bony portion, by contrast, did not change with age. 
Increased volume of the ET lumen, especially of the cartilaginous and junctional portions, would be expected to increase both 
ventilation and clearance. Therefore, the small volume of ET lumen of the cartilaginous and junctional portions in children may be a 
predisposing factor for otitis media. 


KEY WORDS — computer-aided three-dimensional reconstruction. eustachian tube, postnatal development, volume. 


INTRODUCTION portion of the ET changes markedly during adoles- 


Immaturity of the eustachian tube (ET) has been 
implicated as an explanation for the high prevalence 
of otitis media with effusion in children.! Our recent 
studies have revealed that the path length of the ET 
lumen increases remarkably up to the age of 7 years? 
and that the shape of the lumen of the cartilaginous 


Fig 1. Schematic drawing of left eustachian tube 
(ET) viewed from anterosuperolateral direction. 
Line A-B is long axis of cross sections of ET 
lumen at its pharyngeal and tympanic orifices. 
Line C-D is line perpendicular to and bisecting 
line A-B. Midpoints (X) of line C-D identify cen- 
ters in each orifice of ET lumen. Pharyngeal ori- 
fice-tympanic orifice axis is drawn by connect- 
ing midpoints of cross sections of both pharyn- 
geal and tympanic orifices. Virtual cross sec- 
tions are made perpendicular to axis from pha- 
ryngeal end to tympanic end. Pharyngeal ori- 
fice was defined as anteriormost virtual cut sec- 
tion containing complete cross section of muco- 
sal lining of ET; tympanic orifice was defined 
similarly with respect to anterior-superior mar- 
gin of tympanic annulus. Anterior and posteri- 
or parts of ET lumen are covered by cartilage 
and bone, and are called cartilaginous portion 
(C.P.) and bony portion (B.P.), respectively. In- 
termediate region, “junctional portion" (J.P.), 
is covered partly by bone (in inferior part) and 
partly by cartilage (lateral lamina; in superior 
part). 


| Virtual Section Plane (perpendicular to 
Pharyngeal orifice- Tvmpanic orifice Axis) 


Lateral lamina of the cartilage 


Cartilage 


cence (ages 10 to I7 years), from a flattened tube to 
a flattened funnel opening widely at the pharyngeal 
orifice.? The purpose of this study was to estimate 
postnatal developmental changes in the volume of the 
ET lumen in the static state from a series of histo- 
logic sections of human temporal bone—ET specimens. 


| Midpoint of tympanic orifice 









.t 
.* 
. 





Midpoint of pharyngeal orifice 
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Fig 2. Graphs show data in static condition for each in- 
dividual. White circles — children; black circles — 
adults. A) Total volume of ET. B) Volume of cartilagi- 
nous and junctional portions of ET lumen. C) Volume of 
bony portion of ET lumen. i 


MATERIALS AND METHODS 


The materials used for this study were 11 tempo- 
ral bone—ET specimens obtained from 11 individu- 
als. Their ages were 3 months, 8 months, 16 months, 
4 years, 17 years, 28 years, 38 years, 70 years, 70 
years, 71 years, and 88 years at death. These individ- 
uals did not have any known congenital anomaly or 
clinical history or histologic evidence of ear disease. 
We separated these individuals into 2 groups: the child 
group (4 cases, ranging from 3 months to 4 years 
old) and the adult group (7 cases, ranging from 17 to 


VOLUME OF EUSTACHIAN TUBE IN STATIC 
CONDITION 
Cartilaginous 
Portion With 
Junctional 
Group n Portion Bony Portion 
Child 4 30.74411.03* 31.23 £12.26 61.97 X 22.271 
Adult 7 63.52411.13* 47.78 £24.01 111.3 22.551 


Data are average t SD in square millimeters. 
*p « .01 between 2 values so marked. 
Tp « .01 between 2 values so marked. 


Total Lumen 


88 years old; mean age, 54.6 years). The specimens 
were fixed in 10% formalin, decalcified in 5% trichlo- 
roacetic acid, dehydrated in graded concentrations 
of ethanol, and embedded in celloidin.^ After refer- 
ence marks had been made in the celloidin blocks 
for 3-dimensional (3-D) reconstruction, the blocks 
were sectioned at 30-pum thickness as close to perpen- 
dicular to the axis of the ET as possible. Every 40th 
section was stained with hematoxylin and eosin and 
prepared for study by light microscopy. Additional 
slides between every 40th section were made for the 
part of the ET between the anterior margin of its junc- 
tional portion? and the posterior margin of the bony 
portion to determine the exact location of both the 
junctional and bony portions along the entire ET. The 
junctional portion of the ET was defined as a portion 
that was located between the bony and cartilaginous 
portions and was surrounded in part by bone and in 
part by cartilage.? These histology slides were then 
used for computer-aided 3-D reconstruction. The 
equipment used for reconstruction consisted of a per- 
sonal computer, a frame buffer for full-color images 
(Sapience HyperFrame--), a digitizer (Hitachi HDG- 
1515; resolution 0.1 mm), and a printer. With the soft- 
ware developed by Takagi and Sando,$ modified by 
Fujita and Sando,’ and revised by Sudo et al? accu- 
rate 3-D reconstruction and measurements were made 
of the ET lumen. 


The ET lumen, the ET cartilage, and the temporal 
and sphenoid bones bordering the ET were recon- 
structed for each specimen. The initial step in the 
analysis of measuring ET volume was identification 
of a line connecting the centers of the pharyngeal 
and tympanic orifices (Fig 1). The pharyngeal ori- 
fice was defined as the anteriormost section contain- 
ing a complete cross section of the mucosal lining of 
the ET; the tympanic orifice was defined similarly 
with respect to the anterior margin of the tympanic 
annulus. The center of each orifice was defined as 
the midpoint of a line bisecting and perpendicular to 
the line connecting the superior and inferior margins 
of the lumen. This pharyngeal orifice-tympanic ori- 
fice line provides a standard axis for creating virtual 
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cross sections of the ET lumen perpendicular to the 
axis through the reconstructed images. 


A series of 200 virtual cross sections was used to 
measure the volume of the lumen of 1) the bony por- 
tion of the ET and 2) the combined cartilaginous and 
junctional portions of the ET. The junctional and car- 
tilaginous portions were regarded as a single func- 
tional unit, because the lateral lamina of the ET car- 
tilage extends throughout the junctional region. 


RESULTS 


The total volume of the ET lumen in each indi- 
vidual is shown as a function of age in Fig 2A. Simi- 
larly, the volumes of 1) the cartilaginous and junc- 
tional portions of the ET and 2) the bony portion of 
the ET are shown in Fig 2B and Fig 2C, respectively. 
Statistical analysis revealed that both the total vol- 
ume and the volume of the cartilaginous and junc- 
tional portions of the ET lumen were significantly 
larger in adults than in children (see Table, Student's 
t-test, respectively: £2 3.51, p < .01; £ = 4.71, p< 
.01). The luminal volume of the bony portion of the 
ET did not differ significantly between groups (see 
Table). 


DISCUSSION 


This, to our knowledge, is the first quantitative 
morphometric study of the volume of the subdivi- 
sions of the ET lumen performed with computer- 
aided 3-D graphic reconstruction and measurement 
methods. These measurements from temporal bone 
specimens are assumed to reflect static dimensions 
of the lumen. 


The most important finding in this study is that 
the increase in volume of the ET lumen that occurs 
during development reflects significant growth of the 
cartilaginous and junctional portions. This result is 
consistent with previous studies that found that the 
path length of the ET lumen increases during devel- 
opment? and that the shape of the lumen of the carti- 
laginous portion of the ET changes markedly during 
development, from a flattened tube to a flattened fun- 
nel opening widely at the pharyngeal orifice.? This 
volumetric change (enlargement) that occurs during 





development is likely to increase the clearance func- 
tion of the cartilaginous and junctional portions of 
the ET, because ciliated cells,? goblet cells? and tu- 
bal glands are richly distributed in these portions. 


By contrast, the volume of the bony portion of the 
ET lumen did not change significantly. This finding 
likely reflects the fact that the mesotympanum of the 
middle ear cavity (which extends directly to the bony 
portion of the ET) shows little postnatal growth, de- 
spite obvious increases in the volume of the hypo- 
tympanum and the epitympanum.!° 


Morphological changes of the ET lumen, such as 
changes in path length? and shape,? have been con- 
sidered to be important factors in the reduced preva- 
lence of otitis media during adolescence. From a clin- 
ical viewpoint, it is suspected that inflammation may 
render the ET lumen more collapsible.!! When in- 
flammation is present, an ET lumen with a small vol- 
ume may collapse more easily than one with a large 
volume. Therefore, a small volume of the ET lumen 
in children may be one of the predisposing factors of 
otitis media. 


Sadler-Kimes et al,!* using a 3-D computer graphic 
technique, reported that the ET lumen volume is 30 
t 10 mm? in subjects younger than 7 years of age 
and 40 + 30 mnm? in subjects older than 7 years of 
age. The most important factor causing discrepan- 
cies between our results and their results is probably 
the different extent of the reconstruction of the ET 
lumen. Because they produced reconstructive data 
from histologic sections containing the ET cartilage, 
their results may be consistent with the lumen vol- 
ume of the cartilaginous and junctional portions of 
the ET. Other factors, including different definitions 
of the ET orifices, methods of measurement, and age 
distributions of subjects, may also contribute to the 
discrepancy. Unavoidable shrinkage artifact in the 
specimens!? produced by histologic processing could 
cause a consistent underestimation of the volume of 
the ET lumen. However, it cannot reasonably be as- 
sumed that this artifact would essentially affect the 
data on development of the volume of the ET lumen 
in the static condition. 
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ULTRASONOGRAPHY IN A NASAL CAVITY FILLED WITH WATER 
DURING ENDOSCOPIC SINUS SURGERY 
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We developed a new ultrasonographic imaging technique to be used in a water-filled nasal cavity during endoscopic sinus 
surgery, and estimated how well surgically dangerous sites were depicted. Our newly developed balloon can completely fill the 
choana, preventing water from leaking into the pharynx. The balloon enables endoscopic sinus surgery to be relatively safely per- 
formed in “flowing water." Fifteen patients with chronic sinusitis underwent endoscopic sinus surgery under local anesthesia, and a 
MicroTip Radial probe was inserted into the water-filled nasal cavity. The orbital contents, skull base. and maxillary sinuses were 
visualized in all cases. Even in cases with a thin lamina papyracea, the boundary of the orbit could be judged from the motion of the 
orbital contents. Ultrasound information obtained in real time will be useful for improving the safety of endoscopic sinus surgery. 
Our ultrasonographic imaging technique can provide an early warning to the surgeon and thereby prevent severe complications. 


KEY WORDS — complication, endoscopic sinus surgery, flowing water, Noda balloon, ultrasonography. 


INTRODUCTION 

Image-guided surgery systems, such as an electro- 
magnetic tracking system, an optical digitizing sys- 
tem,” and a mechanical arm system,* have recently 
been reported in the literature as useful technologies 
for endoscopic sinus surgery (ESS). These computer- 
assisted localization methods allow surgeons to have 
confidence and knowledge of patient anatomy, and 
would be effective in preventing complications as- 
sociated with surgery. Here we propose another im- 
aging system different from these navigation systems: 
ultrasonography of the sinus. 


Ultrasonography of the sinus has been depicted 
thus far only by using sensors on the face.? It has, so 
far, been difficult to obtain a clear image of the sinus 
by using ultrasonography, because air in the nasal cav- 
ity does not conduct ultrasound. However, our newly 
developed balloon,®-’ named the “Noda balloon," can 
perfectly fill the choana and enables the nasal cavity 
to be relatively safely filled with water, making ultra- 
sonography available in the nasal cavity. 


The Noda balloon prevents water from leaking into 
the pharynx, even when water is flowing into the na- 
sal cavity at a rate of 1 L/min. Therefore, we can per- 
form ESS even in "flowing water."9./ This surgical 
technique is similar to that used in transurethral re- 
section of the prostate. The tip of the endoscope is 
kept clean, and blood, debris, and resected tissues 
are continuously removed by the water flow.®:’ 


cussion, such as its complications, merits, and disad- 
vantages. We, however, believe this technique actu- 
ally has some possibility for nasal treatment. In the 
present study, we focused on the availability of ultra- 
sonography. The visual information obtained in real 
time will allow a safer and more efficient surgical 
procedure during specific phases of the surgery. 


MATERIALS AND METHODS 


Noda Balloon. A Noda balloon (Fig |) was inserted 
from the nostril into the choana before or during sur- 
gery. After expansion of the balloon, the tube of the 
balloon was stretched out of the nostril and was fas- 
tened with a clip near the nostril.®7 


Drainage. A 3-L water pack (like that used for trans- 
urethral resection of the prostate) was connected to 
the flexible tube that ran parallel to the endoscope. 
The end of the tube was open adjacent to the tip of 





Fig 1. Noda balloon (Koken, Inc, Tokyo, Japan). 














This unique method still has some topics for dis- 
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water pack 


Fig 2. Drainage. A) Water is poured 
from 3-L water pack through flex- 
ible tube. B) Water flows from nos- 
tril and is gathered with drainage 
tube. (Reprinted. ’) 


flexible tube 


A 


the endoscope (Fig 2A).°/ 


A jet of water was poured through the tube into 
the nasal cavity; it cleaned the tip of the endoscope 
and washed out blood and debris from the surgical 
field. Then, water overflowed from the nostril into 
the drainage tube, one end of which was glued on 
the face and the other end of which was led into a 
drainpipe (Fig 2B). 

Water flow is actually required not to obtain ultra- 
sonographic images, but to obtain clear endoscopic 
visual images. Especially in Japan, most cases of si- 
nusitis are relatively severe, and bloody water easily 
disturbs the visual field in such cases. Water flow of 
1 L/min has enough power to make any visual field 
clear, even in cases of severe bleeding. With a Noda 
balloon, | L/min of water flow can be used relative- 
ly safely, and much slower water flow usually has 
enough effect to obtain clear visual fields. 


We should emphasize that we do not use the wa- 
ter-flow system during the whole ESS procedure. We 
use the water-flow system only when we want to use 
ultrasonography, when we wash the surgical field, 
or when we want to suppress severe bleeding during 
surgery. We use 3 to 9 L of water (mean, 3.0 L). To 
perform the whole ESS procedure in water flow would 
require much more water and might cause compli- 
cations, such as hyponatremia as caused in transure- 
thral resection of the prostate. We have performed 
40 cases of ESS partially in water flow, including 15 
cases in which we also used ultrasonography. 


Ultrasound Diagnostic Equipment. We used ultra- 
sound diagnostic equipment (SSD-2000 and Micro- 
Tip Radial [ASU-101]; Aloka, Ltd, Japan) to exam- 
ine (10 MHz) the state around surgical sites. This 
system features a catheter-style radial probe, 2 mm 
in diameter, that is designed to obtain 360° B-mode 
ultrasound images.® The probe is easily inserted from 
the nostril into small cavities because of its flexibil- 
ity (Fig 3). 


connector 











tube of the balloon 9 








endoscope KO 
drainpipe 


B 


drainage tube 


Patients. Ultrasonographic diagnosis and ESS were 
performed under local anesthesia in 15 patients (8 
men and 7 women, 42 to 68 years of age) with chronic 
sinusitis. They gave informed consent before surgery. 


RESULTS 


General Cases. Immediately after we inserted the 
ultrasound probe into the nasal cavity, the nasal sep- 
tum and the inferior turbinate were first visualized 
in coronal images (Fig 4A). When the probe went 
into the middle meatus, the middle turbinate also ap- 
peared (Fig 4B). As it went more posterior, the bones 
of the inferior and middle turbinates and the wall of 
the orbit were clearly imaged (Fig 4C). We observed 
the motion of the orbital contents when the patients 
moved their eyes. 


In the ethmoid cells, ultrasonography demon- 
strated that the images of small bones were scattered 
(Fig 4D). On arrival around the skull base, a ring im- 
age of the bone appeared (Fig 4E). The ring seemed 
to represent a hollow of the skull base. The thick- 





Fig 3. Catheter-style radial probe (R) is inserted in left 
nasal cavity filled with water. $ — nasal septum; m 
middle turbinate. 
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Fig 5. Probe is in A) middle meatus and 
B) ethmoid cells. Thick lamina papyracea 
(P) is imaged as hyperechoic line in 58- 
year-old man with left chronic sinusitis. I 
— inferior turbinate; m — middle turbi- 
nate; S — nasal septum. 


Fig 4. Ultrasonography in general cases. R — radial probe; S — nasal septum; I — 
inferior turbinate; m — middle turbinate; P — lamina papyracea; O — orbit; M — 
maxillary sinus. A) Radial probe is in right nasal cavity near nostril and B) in middle 
meatus. Nasal septum, inferior turbinate, and middle turbinate are visualized. Carti- 
lage of nasal septum (white arrowhead) and bones of inferior (black arrows) and 
middle (white arrow) turbinates are also imaged as hyperechoic lines. C) Probe is in 
more posterior middle meatus than in B. Bone of middle turbinate (white arrow) and 
lamina papyracea are visualized as hyperechoic lines. D) Probe in ethmoid cells shows 
that images of small bones are scattered. E) Probe is around skull base. Hyperechoic 
ring (arrowhead) is visualized, representing hollow of skull base. F) Probe is around 
opening of left maxillary sinus. Arrowhead indicates inferior wall of orbit. G) Ring 
(arrowhead) represents wall of sphenoid sinus. In area just outside ring (arrow), slight 
motion is observed, indicating optic nerve near left optic canal. 
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ness of the line of the ring seemed to reflect that of 
the bone of the skull base. 


When the probe was around the opening of the 
maxillary sinus, the sinus and the orbit were plainly 
distinguishable by the image of the inferior wall of 
the orbit (Fig 4F). Therefore, we could relatively safe- 
ly approach the maxillary sinus. The opening of the 
maxillary sinus was imaged as a membrane thinner 
than the peripheral regions. Around the optic canal 
in the sphenoidal sinus, a ring was imaged represent- 
ing the wall of the sphenoidal sinus, and a slight mo- 
tion of the optic nerve was observed just outside the 
ring (Fig 4G). 


Cases With Thick Lamina Papyracea. The lamina 
papyracea was clearly demonstrated as a hyperechoic 
line (Fig 5). We could even observe the motion of 
the orbital contents according to the eye movement. 


Cases With Thin Lamina Papyracea. The lamina 
papyracea was not always visualized, but the orbital 
contents were clearly seen, especially through the 
thinner sites of the lamina papyracea, because of less 
acoustic shadow.? Although the lamina papyracea 
was unclear, the boundary of the orbit was definitely 
judged from its motion when the patient moved his 
or her eyes (Fig 6). 


Case With Defect at Lamina Papyracea. The or- 


bit can be especially well depicted in cases with ex- 
tensive defects at the lamina papyracea (Fig 7). 









[? 


Fig 7. Defect at lamina papyracea enables optic nerve 
and its motion to be clearly visualized. 


Fig 6. Image of lamina papyracea is un- 
clear in 64-year-old woman with left-sided 
chronic sinusitis. Boundary of orbit (ar- 
rowheads) is distinguishable because of 
orbital motion (from A to B) correlated 
with eye movements. I — inferior turbi- 
nate; m — middle turbinate; O — orbit. 


[n a case with a large cyst of the left medial orbit, 
ultrasonography depicted the orbit and the optic nerve. 
Under local anesthesia, eye movements can rapidly 
alter the position of the optic nerve, and ultrasonog- 
raphy clearly detected its motion (Fig 8). 


DISCUSSION 


Functional ESS is one of the most commonly per- 
formed procedures in otorhinolaryngology.' ^ but 
it is always potentially hazardous, because of the 
proximity of the orbit and skull base.!^-!6 Computer- 
assisted surgery would be one effective method to 
minimize the risk. On the other hand, the present study 
showed that ultrasonography had the capability to 
decrease significant complications associated with 
surgery. In order to use ultrasonography, we should 
consider complications caused by filling the nasal 
cavity with water. Even though we use this system 
for a short period, possible complications are 1) wa- 
ter leakage into the pharynx, 2) obstruction of the 
airway, and 3) discomfort of the throat. 

Water leakage into the pharynx occurred in 2 of 
the 40 cases. In these cases, patients informed us of 
a mild complaint of water leakage. The amount of 
the water leakage was less than the amount of blood 
flowing into the pharynx in the usual method of ESS. 
When we performed the usual method of ESS (with- 
out water flow) using this balloon packing, we fre- 
quently recognized that the nasal cavity could easily 
be filled with blood during surgery. Perfect packing 
of the choana reveals how much blood patients swal- 
low during the usual method of ESS under local an- 
esthesia. Under local anesthesia, at least, water leak- 
age is not so important. Unfortunately, we have no 
experience with ESS under general anesthesia. The 
possible complication of obstruction of the airway 
should be considered under circumstances in which 
we must leave the balloon in the nasal cavity even 
after surgery because of excessive bleeding. If the 
balloon drops into the pharynx, it might obstruct the 
airway. We usually use the balloon only during sur- 
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gery, and no case of obstruction was seen among the 
40 cases. Throat discomfort is not of major concern, 
because only | case was seen among the 40 cases. 


We could recognize the boundaries of the orbits 
in both cases with thin (Fig 6) and thick (Fig 5) lami- 
nae papyraceae by the motion of the orbit and by the 
bone images themselves, respectively. This outcome 
indicates that we can avoid orbital complications, es- 
pecially under local anesthesia, and in the future, with 
accumulated data on ultrasonography, we will also 
be able to estimate the accurate boundary of the or- 
bit under general anesthesia. 


Unfortunately, ultrasonography is not very useful 
for localizing structures and guiding the surgeon to 
distant tumors or cysts located behind thick bones, 
because hard masses or bones absorb ultrasound. In 
this situation, navigation systems are more appropri- 
ate than ultrasonography. Nevertheless, ultrasonog- 
raphy can clearly demonstrate surgical sites, espe- 
cially during crises, which include cases with a thin 


Fig 8. A) Optic nerve can be noted as 
hypoechoic thick line (arrowheads) within 
white hyperechoic area representing ret- 
robulbar fat in 52-year-old man with ex- 
tensive lack of left lamina papyracea. B) 
When patient looks to his right, optic 
nerve moves to his left and disappears. Ar- 
rowhead indicates approximate site of op- 
tic nerve (not seen). F — retrobulbar fat. 


lamina papyracea, with a fractured skull base, or with 
exposed dura mater. Ultrasonography can provide 
early warning to the surgeon and thus prevent se- 
vere complications. 

Ultrasonography also has several practical advan- 
tages over navigation systems: 1) itis less expensive 
than navigation systems; 2) preoperative examina- 
tions such as computed tomography are unnecessary; 
3) visual information can be obtained in real time; 
and 4) the error of the device location measurement 
(estimated to be about 2 mm in navigation sys- 
tems!-?) is not a consideration. Therefore, we can 
relatively easily use ultrasonography to avoid com- 
plications in most surgeries for chronic sinusitis. 

The closer a crisis comes, the clearer are the im- 
ages demonstrated by ultrasonography. For example, 
orbital contents can be well depicted in a case with a 
thin lamina papyracea. Ultrasonography will be a 
highly useful method for performing safer ESS pro- 
cedures. 
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The present study was designed to investigate the relationship between the noise-induced temporary threshold shift (TTS) and 
the specific activities of sodium potassium adenosine triphosphatase (Na*,K*- ATPase) and calcium adenosine triphosphatase (Ca2*- 
ATPase) in the cochlear lateral wall. The specific activities of these enzymes were quantified by microcolorimetric assay. Changes in 
auditory brain stem response (ABR) thresholds were compared with the quantitative alterations of the specific activities of Na*,K*- 
ATPase and Ca?*- ATPase in the cochlear lateral wall of guinea pigs with a noise-induced TTS. In the majority of those noise-exposed 
ears with complete recovery of ABR thresholds, the specific activities of both enzymes returned to at least 70% of the mean specific 
activity of the control group. Although other factors may be involved, reversible inactivation of Na*,K*-ATPase and Ca?*- ATPase in 
the cochlear lateral wall may be one component of the TTS. Our present findings could drive further studies on the molecular basis 


of noise-induced hearing loss. 


KEY WORDS — Ca?*-ATPase, Na*,K*-ATPase, noise, temporary threshold shift. 


INTRODUCTION 


The phenomenon of noise-induced temporary 
threshold shift (TTS) has been studied for many 
years. There have been many suggested mechanisms 
for TTS, including synaptic fatigue,! metabolic fa- 
tigue of either the stria vascularis or hair cells, 
changes in cochlear blood flow,^ reversible morpho- 
logical changes of hair cells,>-!3 and nondetectable 
morphological disruption of the mechanoelectrical 
channel.!4-!5 Changes of enzymatic activities asso- 
ciated with metabolic damage within the cochlea in 
acoustic injury have not been sufficiently investi- 
gated. Multiple energy-consuming ion transport pro- 
cesses in the stria vascularis are involved in the main- 
tenance of the endocochlear potential and normal au- 
ditory function.!© Sodium potassium adenosine tri- 
phosphatase (Na*,K*- ATPase) participates in the ac- 
tive sodium ion (Nat) and potassium ion (K*) trans- 
port in the inner ear and plays an important role in 
maintaining cochlear function.16-18 Calcium adeno- 
sine triphosphatase (Ca?*- ATPase) participates in the 
. calcium ion (Ca?*) transport system for the regula- 
tion of Ca?* concentrations in the inner ear and influ- 
ences the mechanoelectrical transduction process in 
the cochlea.!!,19-23 High activities of Na*,K*-ATPase 
and Ca*+-ATPase have been shown in the cochlear 
lateral wall by enzyme cytochemical studies, immu- 


nocytochemical studies, and biochemical measure- 
ments.17.1521,25-28 The functional role of the cochlear 
lateral wall is presumed to be the maintenance of the 
unique ionic composition of the endolymph and the 
intracellular ion content, both of which are crucial 
to cochlear function. 


Metabolic damage to noise-exposed cochleas had 
not been revealed by quantitative studies of enzyme- 
specific activity until our recent study.”? In that study, 
in noise-exposed guinea pigs with TTS, detailed chro- 
nological alterations of these enzyme activities in the 
cochlear lateral wall were not investigated. Because 
the onset and recovery of noise-induced TTS may 
follow a complex time course, the exact relationship 
between the quantitative activities of these enzymes 
in the cochlear lateral wall and the recovery of audi- 
tory function still remains unclear for noise-induced 
TTS. In this study, the threshold of the auditory brain 
stem response (ABR) and the levels of Na*,K*- 
ATPase and Ca?+-ATPase specific activities in the 
cochlear laterai wall were measured in guinea pigs 
with noise-induced TTS at a variety of survival times. 
The microcolorimetric assay method, which allows 
quantification of enzyme activity in the cochlear lat- 
eral wall from a single cochlea, was used to deter- 
mine the specific activities of Na*,K^-ATPase and 
Ca?*- ATPase. 
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TABLE 1. MEAN AUDITORY BRAIN STEM RESPONSE THRESHOLDS OF VARIOUS NOISE-EXPOSED GROUPS AND 


CONTROL GROUPS 
Auditory Brain Stem Response Thresholds 
Group n Survival (d) a b C 

N-1 10 0 27.00 + 4.22 44.50 + 10.66* 44.50 + 10.667 
N-2 10 1 26.00 + 3.94 41.00 + 6.99* 33.00 + 6.327 
N-3 10 2 22.50 € 3.54 41.50 € 7.47* 26.50 + 5.3015 
N-4 10 3 28.50 + 2.42 41.00 + 8.43* 28.50 + 4.7418 
N-5 10 7 26.50 + 2.42 43.50 + 8.18* 27.00 + 2.5813 
N-6 12 28 29.58 + 1.44 46.67 + 10.08* 28.75 + 2.2638 
C-1 10 0 27.00 + 3.50 
C-2 8 28 26.90 + 5.30 24.40 + 4.96 


Data are mean + SD in decibels sound pressure level. 


N — noise-exposed; C — control; a — initial measurement made before noise exposure; b — measurement made immediately after noise 


exposure; c — final measurement made before death. 
*Significant difference between a and b (p < .01; t-test). 
t Significant difference between a and c (p < .01; t-test). 


* No significant difference between a and c (p = .06, p = 1.00, p = .66, and p = .29; t-test). 
3 No significant difference between noise-exposed groups and control group (all controls pooled together as 1 control group) at termination (p 


= .81, p = .38, p 2.97, and p = .19; t-test). 


MATERIALS AND METHODS 


In total, 40 healthy, adult male Hartley albino guin- 
ea pigs with normal hearing, weighing 250 to 300 g, 
were used. The thresholds of ABRs measured be- 
fore the experiment ranged from 20 to 30 dB sound 
pressure level (SPL) for all ears of animals included 
in this study. Thirty-one guinea pigs were subjected 
to a single continuous exposure of broadband white 
noise at around 105 + 2 dB SPL for 10 minutes to 
induce a TTS, and these were divided into 6 groups 
to allow for various recovery periods, as described 
in Table 1. During noise exposure, the animals were 
kept in a cage inside a soundproof room. White noise 
was produced by an audiometer (Grason-Stadler, 
model GSI-10, Milford, New Hampshire) and pre- 
sented through a set of loudspeakers at both sides of 
the cage in which the animals were kept. The SPL of 
the noise was measured with a sound level meter 
(Nion, mode] NA-24, Tokyo, Japan). The remaining 
9 guinea pigs not exposed to noise served as con- 
trols. In order to rule out an effect of aging, the con- 
trols were divided into 2 groups with a difference in 
survival time of 28 days. The animals used in this 
study were 4 weeks old. 


An evoked potential system (Nicolet, Spirit, Madi- 
son, Wisconsin) was used to measure the thresholds 
of the ABR in all animals. Click sounds (57.7/s) were 
used to evoke the ABR. The intensity of the stimu- 
lus was varied in 5-dB stepwise increments. The re- 
sponse signals were recorded by subcutaneous nee- 
dle electrodes. The active electrodes were placed in 
the vertex and the ipsilateral retroauricular region with 
a ground electrode on the neck of the animal. Ani- 
mals of the nonexposed control group C-1 were pain- 
lessly sacrificed after measurement of ABR thresh- 


olds. The ABR thresholds were measured again in 
the nonexposed control group C-2 just before sac- 
rifice after a survival time of 28 days. In all noise- 
exposed groups, ABR thresholds were measured im- 
mediately after noise exposure and later again just 
before sacrifice. The extent of auditory dysfunction 
in experimental guinea pigs was assessed by deter- 
mining differences of ABR thresholds between preex- 
posure and postexposure or termination. 


Immediately after the final ABR measurement, the 
animals were deeply anesthetized with an intraperi- 
toneal injection of pentobarbital sodium (35 mg/kg 
body weight) and decapitated. After decapitation, the 
temporal bones were quickly removed, opened to ex- 
pose the otic capsule, quick-frozen by immersion in 
liquid nitrogen, and then stored at —70?C until mi- 
crodissection. The stria vascularis and the spiral liga- 
ment of the lateral wall of individual cochlea were 
harvested as a unit, collected in 0.6 mL of dilution 
buffer (mannitol 310 mmol/L, HEPES 25 mmol/L) 
in a 2-mL microcentrifuge tube, and stored at -10*C 
until assay. Efforts were made to avoid contamina- 
tion with other cochlea tissues such as the organ of 
Corti, spiral limbus, and Reissner's membrane. Lat- 
eral wall tissue was discarded if contaminated by 
pieces of other tissues. 


The microassay procedure was described previ- 
ously.?? The assay protocol used a total assay vol- 
ume of 120 uL (10 uL of sample or standard, 10 uL 
of 0.1N sodium hydroxide [NaOH], and 100 uL bi- 
cinchoninic acid) to determine protein content. Bo- 
vine serum albumin (BSA) was used as the standard. 
The linearity of the standard curve was confirmed. 
Optical density (OD) was determined at 570 nm by 
an enzyme-linked immunosorbent assay (ELISA) 
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Fig 1. Final auditory brain stem response (ABR) thresh- 
olds (decibels sound pressure level) of control ears and 
noise-exposed ears with various survival times (days). 
Before third postexposure day, noise-exposed group 
showed significant trend of recovery of final ABR thresh- 
old (p « .001). From third postexposure day, trends of 
final ABR threshold did not significantly differ between 
noise-exposed group and control group (p = .272). Dif- 
ference of final ABR thresholds between control groups 
was not significant throughout study period (p — .362). 


reader (Dynatech, MR-7000, Ashford, England). To- 
tal protein (in micrograms) was determined versus a 
BSA standard curve. Enzyme activity was determined 
by measuring the amount of inorganic phosphate (Pi) 
released from substrate ATP colorimetrically. The 
lateral wall specimens of the individual cochlea were 
homogenized by ultrasonication (Sonics and Mate- 
rials, VC-600, Danbury, Connecticut). Assays of the 
activities of sodium potassium magnesium adenos- 
ine triphosphatase (Na*,K*,Mg?*- ATPase) and mag- 
nesium adenosine triphosphatase (Mg2t-ATPase) 
were initiated by adding the reaction mixture contain- 
ing 354 mmol/L sodium chloride, 14.4 mmol/L po- 
tassium chloride, 3.6 mmol/L magnesium chloride, 
37.5 mmol/L sodium hydrogen carbonate (NaHCO3), 
1.5 mmol/L ethyleneglycol bis(amino-ethylether) 
tetra-acetate (EGTA), 33.3 mmol/L glucose, and 9 
mmol/L ATP, with or without 1 mmol/L ouabain, re- 
spectively. The lateral wall homogenates (10 uL) of 
individual cochleas were incubated for 40 minutes 
at 37°C +0.5°C in the reaction mixture. The OD was 
determined at 630 nm with the ELISA reader. Na*, 
K?-ATPase activity was obtained by subtracting 


TABLE 2. MEANS OF ENZYME ACTIVITY IN 
COCHLEAR LATERAL WALL OF VARIOUS NOISE- 
EXPOSED GROUPS AND CONTROL GROUPS 


Survival 
Group n (d) Na*,K*-ATPase | Ca?*t-ATPase 
N-1 10 0 10.08 + 2.67* 8.25 + 2.18* 
| N-2 10 i 9.72 + 0.83* 9.53 + 1.28* 
N-3 10 2 12.46 t 2.02* 11.84 + 2.45* 
N-4 10 3 12.17 + 1.40* 11.89 + 1.94* 
N-5 10 7 12.30 + 1.76* 12.53 € 2.08* 
N-6 12 28 15.77 x 2.591 14.04 + 2.231 
C-1 10 0 16.37 £3.38 16.75 + 4.51 
C-2 8 28 15.05 + 1.92 15.7] 22.55 


Data are mean + SD in micromoles of inorganic phosphate per milli- 
gram of protein per hour. 


All controls are pooled together as 1 control group. 
*p < .01 versus controls (t-test). 
tp = .99 versus controls (t-test). 
tp = .07 versus controls (t-test). 


Mg?+-ATPase activity from the simultaneously as- 
sayed Na*,K*,Mg?*-ATPase activity. Ca2+,Mg?+- 
ATPase activity was assayed by adding 1 mmol/L 
ouabain and 3.1 mmol/L calcium chloride but omit- 
ting EGTA from the reaction mixture described 
above. Ca?*-ATPase activity was calculated by sub- 
tracting Mg?*-ATPase activity from Ca?*, Mg?*- 
ATPase activity. The enzyme-specific activity was 
expressed as micromoles Pi liberated per milligram 
of protein per hour. 


RESULTS 


The ABR thresholds increased in all noise-exposed 
guinea pigs. There were no significant differences 
in initial ABR thresholds among the 8 study groups 
(p = .10, analysis of variance, n = 80). The differ- 
ence in ABR thresholds of the same ear between the 
preexposure and postexposure states was statistically 
significant for all noise-exposed groups (p « .01, 
paired t-test). The difference in ABR thresholds of 
the same ear between the preexposure state and ter- 
mination was statistically significant only for noise- 
exposed groups N-1 and N-2 (p < .01, paired t-test). 
The difference in mean ABR thresholds before and 
after noise exposure was 16.1 dB (9596 confidence 
interval, 7.6 to 24.6 dB) for noise-exposed ears. The 
mean ABR thresholds of the different noise-exposed 
groups and the control groups are summarized in Ta- 
ble 1. The mean ABR threshold returned to the preex- 
posure level in all groups surviving more than 2 days. 
Therefore, a single continuous exposure of white 
noise at 105 dB SPL for 10 minutes resulted in a 
TTS from which the ear later completely recovered. 
The difference in mean ABR thresholds at termina- 
tion between the 2 control groups was not statistically 
significant (p = .21, t-test). The trend of hearing re- 
covery is shown by the final ABR thresholds of noise- 
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TABLE 3. PERCENTAGES OF MEAN ENZYME 
ACTIVITIES IN COCHLEAR LATERAL WALL OF 
VARIOUS NOISE-EXPOSED GROUPS AS COMPARED 


WITH CONTROL GROUP 
Survival 
Group n (d) Na*,K*-ATPase Ca*+-ATPase 
N-1 10 0 0.64 0.51 
N-2 10 l 0.62 0.59 
N-3 10 2 0.79 0.73 
N-4 10 3 0.77 0.73 
N-5 10 7 0.78 0.77 
N-6 12 28 0.99 0.86 


All controls are pooled together as 1 control group, 


exposed ears with various survival times (Fig 1). Be- 
fore the third postexposure day, the noise-exposed 
group showed a significant trend of recovery of the 
ABR threshold (p < .001). From the third postexpo- 
sure day, trends of recovery for the ABR threshold 
did not significantly differ between the noise-exposed 
group and the control group (p = .272). 


The means of Na*,K*-ATPase specific activity of 
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Fig 2. Specific activity (micromoles of inorganic phos- 
phate [Pi] per milligram of protein per hour) of Na*,K*- 
ATPase depicted for each lateral cochlear wall across 2 
control groups and 6 noise-exposed groups with various 
survival times (days). Before third postexposure day, 
noise-exposed group showed significant trend of recov- 
ery in specific activity of Na*,K*-ATPase (p = .025). 
Difference in specific activity of Na*,K*- ATPase between 
2 control groups was not significant throughout study 
period (p = .22). 








30 


cific activity of Nat,Kt-ATPase. Pearson’s correlation co- 
efficient was significant for Na*,K*-ATPase (~0.419, p 
— ,001) in noise-exposed group. Same coefficient was 
not significant in control group. 


the various noise-exposed groups and the control 
groups are summarized in Table 2. The relative mean 
specific activities of Na*,K*-ATPase in the cochlear 
lateral wall of various noise-exposed groups as com- 
pared with the control groups are shown in Table 3. 
Na*,K*-ATPase specific activities in the cochlear lat- 
eral wall showed no significant difference between 
the 2 control groups with a 28-day difference of sur- 
vival time (p = .34, r-test). A significant decrease of 
Na*,K*-ATPase specific activity was noticed in all 
noise-exposed groups except for group N-6 (p « .01, 
t-test). The distribution of Na*,K*-ATPase specific 
activities in the cochlear lateral wall of control ears 
and noise-exposed ears after different survival times 
is displayed in Fig 2. The association between the 
final ABR threshold and specific activity of Na*,K*- 
ATPase in the cochlear lateral wall is shown in Fig 
3. There was a significant negative association be- 
tween the final ABR threshold and Nat,K*-ATPase 
specific activity. 


The means of Ca?*- ATPase specific activity of the 
various noise-exposed groups and the control groups 
are summarized in Table 2. The relative mean spe- 
cific activities of Ca?*- ATPase in the cochlear lat- 
eral wall of various noise-exposed groups as com- 
pared with control groups are shown in Table 3. The 
Ca?*- ATPase specific activities in the cochlear lat- 
eral wall showed no significant difference between 
the 2 control groups with a 28-day difference of sur- 
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Fig 4. Specific activity (micromoles of inorganic phos- 
phate per milligram of protein per hour) of Ca2+-ATPase 
depicted for each lateral cochlear wall across 2 control 
groups and 6 noise-exposed groups with various survival 
times (days). Before third postexposure day, noise-ex- 
posed group showed significant trend of recovery for 
specific activity of Ca2*-ATPase (p = .001). Difference 
for specific activity of Ca?*- ATPase between 2 control 
groups was not significant throughout study period (p = 
.39). 


vival time (p = .57, t-test). A significant decrease in 
Ca?*- ATPase specific activity was noted in all noise- 
exposed groups except for group N-6 (p < .01, t-test). 
The distribution of Ca?*- ATPase specific activities 
in the cochlear lateral wall of control ears and noise- 
exposed ears for different survival times is displayed 
in Fig 4. The association between the final ABR 
threshold and specific activity of Ca^*- ATPase in the 
cochlear lateral wall is shown in Fig 5. There was a 
significant negative association between the final 
ABR threshold and Ca?*- ATPase specific activity. 


DISCUSSION 


Noise-induced TTS seems to be related to revers- 
ible biochemical or biophysical processes in the co- 
chlea. In the present study, statistical analysis indi- 
cated that a good correlation existed between the re- 
covery of hearing function and the specific activi- 
ties of Na*,K*-ATPase and Ca?*- ATPase in the co- 
chlear lateral wall of noise-exposed ears with TTS. 
Complete recovery of the ABR threshold was noted 
in all noise-exposed groups with a survival time of 2 
days or more. In 81% of these noise-exposed ears 
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Fig 5. Association between final ABR threshold and spe- 
cific activity of Ca?*- ATPase. Pearson's correlation co- 
efficient was significant for Ca?*- ATPase (—0.475, p < 
.001) in noise-exposed group. Same coefficient was not 
significant in control group. 


(34/42), Na*, K*- ATPase specific activity in the co- 
chlear lateral wall was at least 7096 of the mean spe- 
cific activity of the control ear. In 70% of these noise- 
exposed ears (29/42), Ca?*- ATPase specific activity 
in the cochlear lateral wall was at least 7096 of the 
mean specific activity of the control ear. In contrast, 
in noise-exposed ears with a permanent threshold 
shift, the specific activities of Nat,K*+-ATPase and 
Ca?*-ATPase in the cochlear lateral wall were only 
27% to 48% and 28% to 47% those of the control 
ears, respectively.^? The present findings suggest that 
the levels of specific activities of Na*,K*- ATPase and 
Ca?*-ATPase in the cochlear lateral wall required to 
maintain a normal ABR are approximately 70% of 
the normal level. It may be true that higher levels of 
these enzyme activities are required for all functions 
of the living cochlea. 


Disruption of the mechanoelectrical transduction 
process at the apex of the outer hair cells is one of 
the mechanisms suggested for noise-induced TTS. 
Disruption of the mechanoelectrical transduction pro- 
cess is presumed to inactivate the opening of the me- 
chanoelectrical transduction channels, resulting in a 
reduction of hair cell receptor currents that is related 
to a decrease in neural sensitivity in a quantitative- 
ly similar way.’ Disruptions producing threshold ele- 
vation can result from short-lived morphological 
changes in the tip links of hair cell stereocilia,^10.!! 
a molecular inactivation of the mechanoelectrical 
transduction channels,!^!5 or other mechanical and 
morphological damage to the stereocilia and hair 
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There are some discrepancies in the literature as 
to stereociliary abnormalities underlying noise-in- 
duced TTS. The disagreement probably arises from 
the different histopathologic changes noted during 
the different phases after noise exposure. Liberman 
and Dodds and Gao et al? provided evidence for a 
correlation between morphological changes of ste- 
reocilia and temporary hearing loss. The extent of 
stereociliary changes seemed to be further reduced 
and the threshold shift was less than 10 dB after a 
survival time of 48 hours. A regular arrangement of 
stereocilia on hair cells was observed, and no addi- 
tional threshold shift was shown 4 days after expo- 
sure. In the present study, TTS was induced by simi- 
lar broadband white noise, and the recovery process 
of quantitative enzyme activities also coincided with 
that of both auditory function and morphological 
damage in the hair cell stereocilia, as likewise ob- 
served by Liberman and Dodds and Gao et al. 


Current evidence shows a substantial temporal dis- 
parity between the appearance and maturation of new 
hair cells and the recovery of peripheral auditory func- 
tion. The multiexponential nature of the onset and 
recovery of TTS suggested a simple molecular expla- 
nation for the closure of the mechanoelectrical trans- 
duction channels.!^1? It was proposed that at least 
one component of TTS is due to a reversible molec- 
ular inactivation of the mechanoelectrical transduc- 
tion channels, rather than to a morphological disrup- 
tion ofthe stereocilia, tip links, or other cochlear struc- 
tures. Other researchers expected destruction of the 
tip link integrity of stereocilia to cause disruption of 
mechanoelectrical transduction and a concomitant 
hearing loss in TTS. The correlation between endo- 
lymphatic Ca?* and hair cell tip links has been shown 
previously. Destruction of hair cell tip links by ex- 
posure to a Ca?* chelator resulted in a significant 
reduction in hair cell receptor current, as the trans- 
duction channels were presumably rendered inopera- 
tive.!!.19 An almost complete destruction of the tip 
links was verified, and relative stereocilia motion was 
altered in chick cochlear hair cells after exposure to 
culture medium containing low Ca?* levels.3° It was 
also speculated that the recovery of normal hearing 
was ultimately limited by tip link regeneration in 
noise-induced TTS. Therefore, inner ear Ca?* is im- 
portant for the mechanoelectrical transductive capac- 
ity of cochlear hair cells. Reduction of Ca?*- ATPase 
specific activity in the cochlear lateral wall may im- 
ply a decrease in endolymphatic Ca?* and disruption 
of mechanoelectrical transduction. In addition, the 
sensory transduction mechanism has also been shown 
to be driven by a standing current that is mainly driv- 
en by Kt.3!.32 Reduction of Na*,K*-ATPase specific 


activity in the cochlear lateral wall may imply a de- 
crease of K* influx to the endolymph, a reduction in 
the standing K+ influx through the hair cells, and dis- 
turbance of sensory transduction. Recovery of spe- 
cific activities of Na*,K*- ATPase and Ca?^*- ATPase 
in the cochlear lateral wall may imply recovery of 
endolymphatic Ca2* and K+ influx, resulting in nor- 
mal transduction processes of hair cells. According 
to the present results, we suggest that the reduction 
and recovery of specific activities of Na*,K *- ATPase 
and Ca*+-ATPase in the cochlear lateral wall be im- 
plicated in the alterations of noise-induced TTS. 


In the present study, a significant trend of recov- 
ery for specific activities of Na*,K*- ATPase and 
Ca?*- ATPase in the cochlear lateral wall was shown 
before the third postexposure day. In addition, it 1s 
clear that Na*,K*- ATPase and Ca?*- ATPase specific 
activity levels are better fitted by a curvilinear rather 
than a linear function (Figs 3 and 5). As an alterna- 
tive to reversible inactivation of mechanoelectrical 
transduction channels, it may be proposed that re- 
versible inactivation of Na*,K^-ATPase and Ca?*- 
ATPase in the cochlear lateral wall is another com- 
ponent of TTS. The possibility exists that the reduc- 
tion of Na*,K*-ATPase or Ca^'-ATPase specific ac- 
tivities in the cochlear lateral wall is the result of 
reduced strial blood supply due to acoustic trauma. 
Nakai and Masutani^ showed that sound exposure 
resulted in vasoconstriction of the blood vessels of 
the cochlear lateral wall and spiral lamina. Sludging 
of the blood cells was also recognized in these blood 
vessels. They also found that the above phenomenon 
was reversible and inferred that the cause of the noise- 
induced threshold shift lay in impaired blood flow 
due to vasoconstriction of the cochlear capillary. 
Rarey et al33 showed that a reduced strial blood sup- 
ply could reduce hormonal levels, resulting in a sig- 
nificant reversible reduction in Nat,K+-ATPase ac- 
tivity. According to the above studies, the mainte- 
nance of normal auditory function could be consid- 
ered to be related to the stria blood supply and spe- 
cific enzyme activities in the cochlear lateral wall in 
a quantitatively similar way. Although there is no 
proof or indication based on the present material that 
changes in the strial blood supply have occurred as a 
result of the noise stimulation, we speculate that an 
altered strial blood supply may play a role in the re- 
duction and recovery of the specific activities of 
Na*,K*-ATPase and Ca?*-ATPase in the cochlear lat- 
eral wall in noise-induced TTS. 


Reductions in the blood supply to the stria vascu- 
laris can depress the endocochlear potential and, in 
turn, affect all other cochlear potentials. Gratton et 
al34 showed a correlation between the magnitude of 
the endocochlear potential and the total area of the 
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stria that remained vascularized. They observed that 
at least 80% of the stria was found to contain capil- 
laries of normal density and diameter in aged gerbils 
with a normal or near-normal endocochlear poten- 
tial magnitude. Schulte and Schmiedt?? investigated 
the correlation between the volume of Na*,K*-ATP- 
ase immunoreactivity in the stria vascularis and the 
magnitude of the endocochlear potential for quiet- 
aged gerbils. They showed that an endocochlear po- 
tential of near-normal magnitude could be measured 
only in ears retaining Na*,K *- ATPase immunoreac- 
tivity in at least 8040 of the stria for quiet-aged ger- 
bils. Interestingly, the present study showed a quan- 
titatively similar finding that a critical level (7096 of 
the control) of Na*,K*-ATPase and Ca?*-ATPase 
specific activities was closely related to the complete 
recovery of ABR thresholds in guinea pigs with noise- 
induced TTS. 


In conclusion, the present findings confirm the role 


of both Ca?*- ATPase and Na*,K*-ATPase in the re- 
covery of auditory function in noise-induced TTS. 
Although other factors may be involved, restoration 
of Na*,K*-ATPase and Ca?*- ATPase specific activi- 
ties to a critical level is closely related to the com- 
plete recovery of auditory function in noise-induced 
TTS. To the best of our knowledge, there are no re- 
ported data in the literature concerning the changes 
of the endocochlear potentials and endolymphatic 
Ca?* levels induced by the same noise exposure para- 
digm as that used in the present study. Further stud- 
ies are required to support our present hypothesis. 
The present study only assayed the specific activi- 
ties of Na*,K*- ATPase and Ca?*- ATPase, and did not 
measure the lateral wall protein levels of these en- 
zymes. However, there is a possibility that the lat- 
eral wall protein levels of these enzymes were down- 
regulated in response to noise trauma. Our present 
findings could drive further studies on the molecu- 
lar basis of noise-induced hearing loss. 
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CLINICAL NOTE 


MENINGIOMA INVOLVING MECKEL’S CAVE: TRANSPETROSAL 
SURGICAL ANATOMY AND CLINICAL CONSIDERATIONS 
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Meningiomas originating in Meckel’s cave (MC) are uncommon lesions that represent 1% of all intracranial meningiomas. 
Innovations in skull base surgery have enabled resection of these lesions with less morbidity, but require an intimate knowledge of 
both lesional pathology and regional microneuroanatomy. To review the surgical and clinical considerations involved in the manage- 
ment of MC meningiomas, we retrospectively reviewed data from patients who underwent transpetrosal resection of primary MC 
meningiomas between 1984 and 1998. Of 146 patients who underwent transpetrosal removal of meningiomas, 7 were believed to 
have tumors originating in MC. AI] 7 patients presented with trigeminal dysfunction, facial pain, and/or headache. Complete tumor 
removal was achieved in 5 of the 7 patients. Facial hypoesthesia or anesthesia, paralysis of cranial nerve VI, and ophthalmoplegia 
were among the postoperative complications encountered. Meningiomas of MC represent treatable lesions whose diagnosis requires 
prompt imaging of patients with trigeminal dysfunction and symptoms of facial pain and headache. 


KEY WORDS — Meckel’s cave, meningioma, skull base, transpetrosal approach, trigeminal nerve. 


INTRODUCTION 


Primary Meckel's cave (MC) meningiomas are un- 
common tumors representing about 1% of all intra- 
cranial meningiomas.! Given the rarity of these tu- 
mors and the expanding repertoire of skull base ap- 
proaches available to surgically manage these lesions, 
no clear consensus has been reached regarding the 
management of MC meningiomas. In an attempt to 
recognize characteristics and generalize treatment of 
patients with MC meningiomas, earlier reports had 
divided patients into 2 groups on the basis of whether 
the lesion was confined to MC (group I) or extended 
beyond MC (group IT).! However, subsequent clini- 
cal investigations pointed to the diversity of patients 
and tumors within each of these 2 groups and the 
different surgical techniques indicated by the vari- 
ous disorders.? As a result, these authors further sub- 
divided MC meningiomas into tumors confined to 
MC (group 1), tumors originating in MC and extend- 
ing into the middle fossa (group 2), tumors originat- 
ing in MC and extending into the posterior fossa 
(group 3), and tumors originating in MC and involv- 
ing both middle and posterior fossae (group 4).* This 
classification system reflects the nature of these le- 
sions, as well as the anatomic confines and potential 
spaces related to MC that determine how these tu- 
mors expand out of MC. Despite these helpful re- 
ports, further data are needed to expand the cumula- 


tive experience in the literature with regard to man- 
agement of patients with MC meningiomas. 


Therefore, we reviewed our experience with trans- 
petrosal surgery, specifically in patients with MC 
meningiomas. Our data consist of clinical informa- 
tion from patients with pathologically confirmed me- 
ningiomas restricted to MC, as well as those extend- 
ing beyond the confines of MC to involve the cav- 
ernous sinus and/or the middle and posterior fossae. 
Although classification schemes for these lesions can 
provide a useful framework for discussing their char- 
acteristics, we find that the surgical approach and 
management of the individual tumors is dictated by 
the precise location, route of extension, and preopera- 
tive cranial nerve (CN) function and deficits. This 
report describes the clinical features of our patients 
with MC meningiomas (which are consistent with 
those of earlier reports?-^), their presenting symptoms, 
our surgical technique and outcomes, and a review 
of the pertinent microneuroanatomy of MC. 


MATERIALS AND METHODS 


In this retrospective study, 7 patients (5 women and 
2 men; mean age, 34.6 years; range, 19 to 52 years) 
with primary MC meningioma were identified out of 
146 patients who underwent transpetrosal removal 
of meningiomas at our institution between 1984 and 
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1998. From this overall group, 53 patients had under- 
gone anterior petrosectomy, 38 posterior petrosecto- 
my, and 55 combined anterior-posterior petrosecto- 
my. The lesions were identified as true MC meningi- 
omas on the basis of intraoperative observations with 
pathological confirmation. All 7 patients with primary 
MC meningiomas presented with symptoms of fa- 
cial pain and/or headache at the initial evaluation and 
demonstrated deficits of CN V on physical examina- 
tion. 


Clinical data (eg, presenting histories, symptoms, 
physical examination findings) were collected from 
neurotologic and neurosurgical medical records, as 
were preoperative and postoperative imaging data, 
as well as audiological and intraoperative data. These 
data were tabulated, collated, and analyzed with re- 
spect to patient demographics, tumor characteristics, 
surgical technique used for resection, and 2-year fol- 
low-up data. 


Surgical Technique. Our technique has been previ- 
ously described? and, therefore, is only briefly sum- 
marized here. The patient is placed in the lateral su- 
pine oblique position with the head fixed in a May- 
field 3-point fixation headholder. The head is turned 
60? and flexed. An armored endotracheal tube helps 
to avoid airway compromise. 


A preauricular curvilinear skin incision is carried 
above the auricle and directed in a C-shaped fashion 
behind the auricle. If needed, an anterior limb may 
be directed in the hairline to allow for exposure of 
the frontozygomatic region in cases of cavernous si- 
nus involvement. 


Two pairs of bur holes straddle the sigmoid-trans- 
verse junction and the transverse sinus. When con- 
nected, this series of bur holes allows simultaneous 
exposure of both the temporal and suboccipital re- 
gions. Excess bone is drilled to reduce the temporal 
bone flush with the floor of the middle fossa later- 
ally and to expose the sigmoid sinus inferiorly. An- 
terior or posterior petrosectomy or both may be per- 
formed. 


Cortical mastoidectomy is performed. The poste- 
rior canal wall is thinned, and the central mastoid air 
cell tract is followed along the tegmen plate to the 
aditus ad antrum. The horizontal canal and lateral 
process of the incus are noted. The facial nerve is 
identified in its vertical segment, and retrofacial cells 
are opened. The sigmoid sinus is skeletonized to the 
level of the jugular bulb. Superiorly, the sinodural 
angle is opened widely and drilled medially to the 
level of the superior petrosal sinus. Perilabyrinthine 
cells are opened, and the posterior and superior ca- 
nals are skeletonized. The dura mater over the poste- 


rior fossa, endolymphatic sac, and floor of the middle 
fossa is then exposed. 


From a subtemporal (middle fossa) exposure, the 
greater superficial petrosal nerve is followed to the 
geniculate ganglion, and the internal auditory canal 
is skeletonized. Anteriorly, the horizontal petrous ca- 
rotid artery is identified, and Kawase's triangle is 
widely opened. At the juncture of the vertical and 
horizontal parts of the petrous carotid artery, extreme 
care is taken to avoid violating the cochlea. 


The dura mater is opened infratentorially cepha- 
lic to the dome of the jugular bulb, and the incision 
is extended in a superior direction, avoiding the en- 
dolymphatic duct. Superiorly, the incision 1s carried 
along the floor of the temporal fossa, and medially, 
it is directed superior to the transverse sinus. The 
superior petrosal sinus is sacrificed with gentle re- 
traction to preserve the vein of Labbé. 


The sigmoid sinus, vein of Labbé, and cerebellum 
are gently retracted in a posterior direction, and the 
temporal lobe is gently lifted upward. Care is taken 
to avoid excessive cerebellar, temporal lobe, and ve- 
nous retraction (Labbé). 


In cases of supratentorial extension, the tentorium 
is incised to the level of the tentorial notch. With 
this opening, the upper pole and anterolateral extent 
of the lesion may be well exposed. 


A watertight closure is accomplished by using fas- 
cia lata and fat. The air cells are waxed, and a piece 
of muscle is placed in the epitympanum. Microplating 
systems have been successful in replacing the crani- 
otomy bone. 


RESULTS 


Patient Characteristics. The gender distribution of 
the 7 patients with MC meningioma was consistent 
with that in other reports on this disease process.! 
The presenting symptoms of facial pain and/or head- 
ache at the time of initial evaluation and the deficits 
of CN V found on physical examination were in con- 
trast to other reports, in which more than 30% of pa- 
tients with MC meningiomas had negative neurologic 
examinations.! No particular division of CN V was 
more affected than any other in this small cohort of 
patients. Other CN involvement (CNs III, IV, VI, VII, 
and VIII) was noted in 4 patients (Table 1). 


Tumor Characteristics and Surgical Outcomes. 
Meningiomas ranged in size from 1.5 to 4.5 cm (mean, 
2.8 cm), according to preoperative magnetic reso- 
nance imaging (MRI) data and surgical observations. 
Using surgical approaches tailored to the individual 
tumor size and location (Table 2), we accomplished 
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TABLE 1. CLINICAL SYMPTOMS AND FINDINGS AT TIME OF DIAGNOSIS 


Cavernous Posterior 
CNV Other CN Facial Sinus Fossa 

Case Age (y) Sex Deficit Deficits Pain Headache Seizure Involved Involved 

1 23 F V2-V3 IIT + + + 

2 46 M V1-V3 + 4 

3 52 M V1-V3 VI, VII, VIII + + + + 

4 41 F V3 III, IV + + 

5 19 F V1-V2 VI, Vill + + 

6 28 F V1-V3 + + + 

7 33 F V1-V3 + + 


CN — cranial nerve, 





total tumor removal in 5 cases, and attained subtotal 
tumor removal in the remaining 2 cases. One of these 
patients, who had a particularly aggressive vascular 
tumor and had undergone subtotal tumor resection, 
subsequently underwent postoperative radiotherapy. 
At a minimum of 2 years of follow-up, MRI data 
showed no evidence of disease in 5 patients and no 
growth of the residual tumor in the 2 patients who 
underwent subtotal tumor removal. The long-term 
postoperative sequelae included facial hypoesthesia 
or anesthesia in 4 patients, CN VI paralysis in 2 pa- 
tients, ophthalmoplegia in 1 patient, and sensorineu- 
ral hearing loss with tinnitus in another patient. No 
major complications (death, hydrocephalus, seizure, 
cerebrospinal fluid leakage, or meningitis) were noted 
in this series of 7 patients. 


DISCUSSION 


Clinical Considerations. The primary symptoms 
and signs that triggered diagnostic imaging in these 
patients were facial pain, headache, and deficits of 
one or more trigeminal divisions. Prior investigators 
had attempted to correlate various tumor sizes and 
locations with specific aspects of trigeminal neural- 
gia versus atypical facial pain.?^? However, no such 
correlation could be found in our patient series. The 


impairment of cranial nerves other than CN V was 
fairly common in this group of patients, as well. Giv- 
en the proximity and anatomic relationship of MC 
to the cavernous sinus (discussed below), it is not 
surprising that nerves of the cavernous sinus were 
(relatively) frequently involved (cases 1, 3, 4, and 
5). One patient, with a 4.0-cm-diameter mass involv- 
ing both middle and posterior fossae, showed defi- 
cits of CNs VII and VIII, demonstrating the need for 
appropriate audiovestibular and facial nerve evalua- 
tion in patients with MC meningiomas. In contrast 
to earlier reports, all of our patients experienced some 
sort of CN deficit preoperatively. This finding differs 
from the data of Delfini et al,! in which more than 
30% of the patients had normal profiles on neuro- 
logic examinations. We believe that all patients with 
facial pain (with or without persistent headache) and 
any focal deficits on CN examination should under- 
go diagnostic imaging (Fig 1). Further workup should 
include audiovestibular testing and evaluation of fa- 
cial nerve function as indicated. After initial gadolin- 
ium-enhanced MRI studies, several authors have ad- 
vocated carotid occlusion studies when significant 
carotid artery involvement is noted on scans. 


Surgical Anatomy. An appreciation of the intricate 
anatomy of MC is required not only for understand- 


TABLE 2. TUMOR SIZE, SURGICAL MANAGEMENT, AND TWO-YEAR OUTCOME 


Tumor 
Diameter 
Case (cm) Surgical Approach 

I 3.5 . Dolenc-anterior petrosectomy 
2 1.5 Subtemporal—anterior petrosectomy 
3 4.0 Transtemporal, suboccipital, anterior-posterior 

petrosectomy 

4 2.0 . Dolenc-anterior petrosectomy 
5 4.5 . Transtemporal, suboccipital, anterior-posterior 

petrosectomy 
6 2.5 Subtemporal—anterior petrosectomy 
7 2.0 Subtemporal—anterior petrosectomy 


Postoperative 
Surgical Postoperative MRI 
Result CN Deficits (minimum 2 y) 
Total removal CN VII hypoesthesia NED 
Total removal None NED 
Subtotal removal Facial anesthesia, CN VI No growth* 
paralysis, SNHL, tinnitus 
Total removal CN VII hypoesthesia, NED 
ophthalmoplegia 
Total removal CN VII hypoesthesia, CN NED 
VI paralysis 
Subtotal removal None No growth 
Total removal None NED 


MRI — magnetic resonance imaging, NED — no evidence of disease, SNHL — sensorineural hearing loss. 


*Patient also underwent postoperative radiotherapy. 
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Fig 1. T1-weighted gadolinium-enhanced magnetic reso- 
nance image of right Meckel’s cave meningioma. Note 
bright homogeneous enhancement of lesion with small 
limbs of enhancement along dura extending anteriorly 
(toward clivus) and posteriorly. 


ing the surgical approach to lesions of the space, but 
also for understanding the behavior and routes of ex- 
tension of tumors involving MC. 


The inferior (ventral) aspect of MC demonstrates 
the foramina transmitting the 3 divisions of CN V 





Fig 2. Drawing of Meckel’s cave region as viewed from 
above. Right side demonstrates trigeminal ganglion with 
exiting of 3 divisions through floor of middle fossa. Left 
side shows prominent foramen ovale with semilunar gan- 
glion removed. Proximity of cranial nerves III, IV, and 
VI to Meckel's cave as they course through cavernous 
sinus is clearly shown. (Reprinted with permission from 
Mayfield Clinic, Cincinnati, Ohio.) 





Fig 3. T1-weighted gadolinium-enhanced magnetic reso 
nance image of large right Meckel's cave meningioma 
involving posterior and middle fossae and clivus and 
crossing midline. Note brain stem compression and ap 
parent extension into sphenoid sinus. 


(Fig 2). Laterally, dural folds delineate MC from the 
petrous apex, whereas superior dural folds (forming 
the roof of MC) become continuous with the lateral 
wall of the cavernous sinus anteriorly and the tento- 
rium more posteriorly. Also related superior-medial 
to the roof of MC is Dorello's canal, transmitting CN 
VIA Significantly, the intrapetrous carotid artery also 
runs posterolateral to MC and is again in close prox- 
imity as it transitions to the intracavernous portion 
below the trigeminal ganglion. 


The medial abutment of MC to the cavernous s1- 
nus explains the proclivity of lesions to involve this 
region and the associated ocular CNs. The continu- 
ity of the posterior-superior dural folds covering MC 
with the tentorium explains how tumors originating 
in MC traverse the petrous bone to involve the pos- 
terior fossa and give rise to the typical dumbbell- 
shaped lesions. As lesions extend further, all dural 
surfaces in contact with MC (eg, clivus) can become 
infiltrated with tumor and make total resection more 
difficult. Involvement of multiple dural surfaces 1s 
fairly typical and may include all 5 surfaces: petrous. 
clivus, MC, tentorium, and cavernous sinus" (Fig 3). 


Our surgical approach to meningiomas of MC is 
individualized and determined by the extent of mid- 
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dle and posterior fossa involvement as demonstrated 
by preoperative MRI. Meningiomas limited to MC 
or primarily middle fossa in involvement are ap- 
proached through a subtemporal-transpetrosal tech- 
nique with division of the tentorium if access is re- 
quired for a small posterior fossa component. For 
tumors with involvement of both the middle and pos- 
terior fossae, a combination of subtemporal, trans- 
petrosal, and suboccipital approaches has been used 
(eg, cases 3 and 5). Such wide exposure facilitated 
total tumor removal in case 5, which was, inciden- 
tally, the largest lesion in this series (4.5 cm). 


Interestingly, a recent report by Samii et al!? pro- 
posed an alternative retrosigmoid-intradural-supra- 
meatal approach to MC that achieved improved expo- 
sure and avoidance of large petrous bone resections. 
The authors suggested that such a technique reduced 
the risks of hearing loss, facial palsy, and cerebrospi- 
nal fluid leakage as compared with current techniques 
that involve subtemporal approaches with various de- 
grees of petrosectomy and tentorium division. Our 
initial experience with patients with these tumors sug- 





gests that our subtemporal-transpetrosal approach to 
MC meningiomas is a relatively safe operation with 
relatively low morbidity. Significantly, no major com- 
plications (death, hydrocephalus, seizures, cerebro- 
spinal fluid leakage, or meningitis) were encountered 
in this series of patients. Furthermore, 3 of the 7 pa- 
tients demonstrated no CN deficits after complete tu- 
mor removal (cases 2, 6, and 7). 


CONCLUSIONS 


These observations suggest that these techniques 
of (transpetrous) skull base surgery provide a rela- 
tively safe surgical option for management of MC 
meningiomas with a high rate of complete tumor re- 
section. As described above, the intricate microanat- 
omy is central to the behavior of these lesions, as 
well as to the surgical management. This report de- 
scribes our experience with these rare tumors and 
highlights the clinical and surgical features of MC 
meningiomas. These data add to the growing body 
of literature that suggests that patients with such me- 
ningiomas can be successfully treated with contem- 
porary skull base techniques. 
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CLINICAL NOTE 


ABRUPT ONSET OF SENSORINEURAL HEARING LOSS AND TINNITUS 
IN A PATIENT WITH CAPILLARY TELANGIECTASIA OF THE PONS 


SETSUKO MORINAKA, MD 
KOBE, JAPAN 


AKINARI HIDAKA, MD 
KOBE, JAPAN 


HIROMI NAGATA, MD 
KYOTO, JAPAN 


Capillary telangiectasia is often found incidentally on magnetic resonance imaging and may be associated with minor neurologic 
symptoms, but there has been little evidence about whether such lesions are responsible for these symptoms. Here we report a case 
of capillary telangiectasia of the right mid pons, which was associated with the abrupt onset of tinnitus and sensorineural hearing 
loss. Examination of the auditory brain stem responses showed abnormalities of waves III and IV on the left and bilateral prolonga- 
tion of the interwave intervals. Optokinetic nystagmus showed slight left-right asymmetry. 


KEY WORDS —- auditory brain stem response, capillary telangiectasia, hearing loss, optokinetic nystagmus, tinnitus. 


Capillary telangiectasia is a vascular malformation 
that is usually found incidentally at autopsy. How- 
ever, magnetic resonance imaging (MRT) has greatly 
increased the diagnosis of capillary telangiectasia, 
and minor neurologic symptoms have frequently 
been noted in these patients.!? Although otorhino- 
laryngological symptoms such as hearing loss, tinni- 
tus, vertigo, and dizziness have also been found, the 
otorhinolaryngological investigation of these symp- 
toms has not been reported. 


We encountered a case of capillary telangiectasia 
associated with the abrupt onset of hearing loss and 
tinnitus, and examined the audiological and vestibu- 
lar function of this patient. 


CASE REPORT 


A 36-year-old man presented to our clinic com- 
plaining of the abrupt onset of right-sided tinnitus 
that had persisted for 1 week. The patient denied any 
vertigo or imbalance. À benign cerebral vascular tu- 
mor had been detected at another hospital 10 years 
earlier, but he did not know the exact diagnosis. He 
also had a history of otitis media, nasal allergy, ane- 
mia, urinary stone, and fracture of his third toe. 


The findings on otoscopic examination were nor- 
mal. Audiometry revealed slight sensorineural hear- 
ing loss on the right side (average of 35.0 dB at 500 
Hz, 1,000 Hz, and 2,000 Hz; Fig 1) and also on the 


left side (Fig 2). His speech discrimination was 100% 
on the right and left for the Japan Audiological Soci- 
ety 67S typed phonetically balanced word list pre- 
sented at 40 dB above the speech reception thresh- 
old. Impedance testing indicated a normal pressure 
and compliance bilaterally. Bekesy audiometry gave 
a type I pattern. The minimum intensity in tone de- 
cay tests was 0 dB. The short increment sensitivity 
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Fig 1. Pure tone audiogram shows air conduction thresh- 
old of right ear at first visit to our clinic (circles) and 
after 3 days of treatment (triangles). Slight sensorineural 
hearing loss was improved after treatment. 
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Fig 2. Pure tone audiogram shows air conduction thresh- 
old of left ear at first visit to our clinic (crosses) and 50 


days later (triangles). Hearing loss of 35 dB at 4,000 Hz 
was persistent. 


index was 95% at 1,000 Hz and 70% at 4,000 Hz on 
the right side versus 5% at 1,000 Hz and 70% at 4,000 
Hz on the left side. Auditory brain stem responses 
(ABRs) were recorded (90 dB sensation level click 
signals with a sine wave of 3,000 Hz; stimulus inter- 
val of 54 ms, computer averaging of 2,000 times; 
ER-02, RION, Tokyo, Japan), and the amplitude of 
waves HI and IV was smaller on the left side than on 
the right. In addition, the shape of wave IV was poorer 
on the left than on the right, and this wave was nearly 
absent on the left. Furthermore, there was prolonga- 
tion between waves I and III, as well as waves I and 
V, on both sides, but there were no differences in 
latency or intervals between the right and left sides 
(Fig 3). The tinnitus affecting the right ear was equiv- 
alent in pitch to a pure tone of 1,000 Hz, and the 
intensity was 50 dB. 


Plain X-ray films and computed tomography (CT) 
revealed no abnormalities of the inner ear, internal 
auditory canal, or posterior fossa. On contrast T1- 
weighted MRI, there was a region of stippled en- 
hancement (12 mm x 10 mm x 11 mm) in the right 
mid pons (Fig 4A,B). A draining vein was not de- 
tected. On noncontrast T1-weighted and T2-weighted 
MRI, this lesion was invisible (Fig 4C,D). The pons 
was not enlarged, and there was no edema or hemo- 
siderin rim around the lesion. 


The results of vestibular function tests, such as the 
stepping test, tests of the righting reflex (including 
the Romberg and Mann tests), gaze nystagmus, spon- 
taneous nystagmus, positional and positioning nys- 
tagmus, and the eye tracking test, were all within nor- 
mal limits. However, optokinetic nystagmus showed 
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Fig 3. In auditory brain stem responses, amplitude of 
waves III and IV is smaller on left (L) than on right (R). 
In addition, shape of wave IV is poorer on left than on 
right, and this wave is nearly absent. There is prolonga- 
tion of interval between waves I and III, as well as waves 
I and V, on both sides in comparison with normal control 
ears (N). Means + SEM of latency in 10 normal ears are 
shown at bottom of graph. 


slight left-right asymmetry (Fig 5). A caloric test was 
not done, because it was considered likely to place a 
load or stress on the pontine vascular lesion. The 
Schellong test also gave a normal result. 


Hydrocortisone, adenosine triphosphate sodium, 
and mecobalamine were administered. An antihista- 
mine was also administered for associated nasal al- 
lergy. His hearing improved on the right after 3 days 
of treatment (Fig 1), and the tinnitus resolved after 2 
weeks. However, a sensorineural hearing loss (35 dB 
at 4,000 Hz) persisted on the left after 50 days (Fig 


2). 


DISCUSSION 


Capillary telangiectasias are usually lesions less 
than 2 cm in diameter, and are most frequently lo- 
cated in the pons.? Their estimated prevalence in au- 
topsy series is 0.7%.* Microscopic examination shows 
that these lesions are composed of numerous dilated 
capillaries running among normal tissue elements.? 


We diagnosed this case as capillary telangiectasia 
on the basis of the characteristic MRI appearance 
and the benign clinical course. On MRI, these lesions - 
show slight contrast enhancement (homogeneous, ir- 
regular brushlike border, or stippled) and marked gra- 
dient-echo signal loss, but may be otherwise unde- 
tectable on T1- and T2-weighted images, except for 
the possible existence of a draining vein. 


Cavernous angioma is also frequently found in the 
brain stem, but has different features on T2-weighted 
MRI (a surrounding hypointense hemosiderin ring 
with an internal “popcorn” appearance).12 Mixed or 
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Fig 4. Axial (A) and coronal (B) contrast-enhanced T1-weighted magnetic resonance images show stippled en 
hancement in right mid pons (arrowheads). Plain axial T1-weighted image (C) and axial T2-weighted image | D) 
are normal. 


transitional forms of cerebral vascular malformations 
have also been reported, and the symptoms and signs 
of such lesions are more complex. ! 


The differential diagnosis of brain lesions that show 
enhancement on MRI includes neoplasia, subacute 
infarction, demyelination, and inflammation, and gra- 
dient-echo imaging is a useful technique for diag- 
nosing capillary telangiectasia.? 


Patients with capillary telangiectasia usually show 
a benign clinical course and may be asymptomatic 
or may present with mild symptoms such as head- 
ache, vertigo, dizziness, tinnitus, hearing loss, mild 
facial weakness, and gait disturbance.!^ These le- 
sions are often discovered incidentally.” However, 
there have been reports of hemorrhage. as well as 


of aggressive and progressive lesions associated with 
progressive neurologic deterioration that resulted in 
death.? Barr et al! and Lee et al? investigated the fre- 
quency of posterior fossa symptoms in these patients, 
including tinnitus, hearing loss, vertigo, and dizzi- 
ness (see Table! 265-10), but the results of audiologi- 
cal and vestibular function tests have not been reported 
previously. 


Our patient complained of the abrupt onset of right- 
sided tinnitus, and audiometry revealed slight senso- 
rineural hearing loss on the right that improved soon 
after the start of treatment (Fig 1). The average pre- 
treatment hearing loss (at | week after the onset) was 
35 dB. However, the left-sided sensorineural hear- 
ing loss of 35 dB at 4,000 Hz did not change through- 
out the treatment or follow-up (Fig 2). Our patient 
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Fig 5. Horizontal optokinetic nystagmus shows left-right 
asymmetry. OKP — optokinetic pattern, TC — time con- 
stant. 


actually presented with tinnitus of the right ear. The 
tinnitus improved rapidly and disappeared after 2 
weeks. The ABR audiometry showed that the ampli- 
tude of waves III and IV was smaller on the left side 
than on the right, wave IV was nearly absent on the 
left, and there was prolongation of the interwave in- 
terval (Fig 3). 


Impulses from the dorsal and ventral cochlear nu- 
clei travel via a variety of pathways (both crossed 
and uncrossed) to the superior olivary complex, lat- 
eral lemniscus, and inferior colliculus, while other 
impulses enter the reticular formation.!! It is assumed 
that the lesion in the right mid pons caused the left- 
sided changes of waves III and IV and the bilateral 
prolongation of interwave intervals on ABR test- 
ing.! ^^ A high short increment sensitivity index score 


Is suggestive of cochlear disease, but is sometimes 
associated with cerebellopontine lesions.!^ Optoki- 
netic nystagmus showed slight left-right asymmetry 
(Fig 5). Lesions of the brain stem in the posterior 
fossa may result in a unilateral reduction of optoki- 
netic nystagmus.!? The brain stem reticular forma- 
tion has a very important role in optokinetic nystag- 
mus,!^ and is also important in the central auditory 
pathway.!* It is presumed that the capillary telangi- 
ectasia in the right mid pons of our patient may have 
affected the auditory and vestibular central pathways, 
causing bilateral slight sensorineural hearing loss, 
right-sided tinnitus, the ABR changes (abnormal left- 
sided waves III and IV and bilateral prolongation of 
the interwave intervals), and slight asymmetry of 
optokinetic nystagmus. Minor bleeding," ischemia 
confined to the pons (presumably secondary to a 
"steal" phenomenon caused by the malformation). 
or transient local oxygen deficiency!® may have in- 
duced the posterior fossa syndrome, including audi- 
tory and latent vestibular dysfunction. 


sudden deafness is defined as the sudden onset of 
hearing loss with an unknown cause. However, the 
incidental association of sudden deafness with capil- 
lary telangiectasia in our patient was excluded by 
ABR audiometry. There have been reports of hemor- 
rhage associated with capillary telangiectasia,®7 so 
minor bleeding may possibly be caused by these le- 
sions.'’ Vasodilators and drugs to improve blood flow, 
such as nicotinic acid, pentoxifylline, dextran, and 
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Case Sex Age (y) Location References 

L F 47 ~ Right hearing loss, vertigo, headache, intermittent gait ^ Right mid pons MEM ME 
abnormality 

2 M 33 Vertigo, tinnitus Left rostral pons | 

3 M 69 Abrupt onset right hearing loss Left mid pons | 

4 F 30 Recurrent vertigo, unsteadiness Right mid pons | 

5 F 63 Transient dizziness, diplopia Rostral mid pons | 

6 F 34 Nystagmus, dysequilibrium Right medulla 2 

7 P 77 Left tinnitus Ventral mid pons 2 

8 M 3] Dizziness, vertigo, nausea, vomiting, right-sided facial Lower mid pons, left lower pons 2 
weakness 

9 F 55 Hearing loss greater in right ear than in left ear, tinnitus Left mid pons 2 

10 8 Dizziness, dysequilibrium Left mid pons 2 

|] F 24 Imbalance, vertigo, left occipital headache, left-sided Left cerebellar hemisphere 6 
incoordination 

[2 F | Mild hearing loss, febrile seizure, strabismus, ataxic Midbrain, pons, medulla 8 
gait 

13 M 7] Transient vertigo, diplopia Mid pons 9 

14 F 58 Dizziness, right hearing loss Lower pons 10 

15 36 Abrupt onset hearing loss, tinnitus Right mid pons Present 


Case 











Morinaka et al, Hearing Loss in Capillary Telangiectasia 859 


urokinase, are often used for the treatment of sudden 
deafness.!? Therefore, in patients with hearing loss, 
tinnitus, vertigo, or dizziness, it is important to rule 
out capillary telangiectasia by MRI. If such a lesion 





is found, vasodilators and drugs to improve blood 
flow should be avoided. In conclusion, the role of 
capillary telangiectasia in hearing loss, tinnitus, ver- 
tigo, or dizziness needs to be studied further. 
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LETTERS TO THE EDITOR 


To the Editor: 


We read with interest the recent article by Drs Witiak and 
Pensak (Limitations to mobilizing the intrapetrous carotid ar- 
tery. Ann Otol Rhinol Laryngol 2002;111:343-8). In addition to 
a cadaver anatomical study, the authors report a series of 60 pa- 
tients in whom they have mobilized the intrapetrous carotid ar- 
tery. While we compliment the authors for their delineation of 


the anatomical limits of carotid mobilization, we differ on their _ 


indications for the clinical use of this technique. All of their 60 
patients had benign tumors (meningioma 31, glomus 18, neu- 
roma 6, chondroma 3, and fibroma 2). In our opinion, mobiliza- 
tion of the petrous carotid artery, which carries a significant risk 
of major stroke, is rarely if ever indicated for benign skull base 
tumors. In our experience, benign tumors can usually be dis- 
sected off the carotid adventitia while keeping the carotid artery 
in its usual anatomical position. In cases of exceptional adher- 
ence, leaving a small, well-coagulated remnant often provides 
long-term control. It could be argued that mobilization of the 
carotid artery enhances the opportunity for radical resection. 
However, even aftericarotid translocation, the authors achieved 
a microsurgically complete resection in only 50% (30/60). Al- 
though it was not addressed in the case series, carotid mobiliza- 
tion orresection in high-grade malignancies has not been proven 
to improve survival. In our view, the only category of neoplasms 
in which petrous carotid mobilization or resection may be in- 
dicated are relatively low-grade malignancies (eg, chordoma, 
chondrosarcoma, and certain adenocarcinomas) that have poor 
radiosensitivity. In general, we have reserved use of this maneu- 
ver for cases of recurrence following primary surgical extirpa- 
tion. We compliment the authors on their exceptional surgical 
results. The absence of strokes (either thrombotic or embolic) 
and the lack of pseudoaneurysm formation are a testament to 
their meticulous surgical technique. 


ROBERT K. JACKLER, MD 
JOHN S. OGHALAI, MD 
Dept of Otolaryngology— 
Head and Neck Surgery 
Division of Otology, Neurotology, 
and Skull Base Surgery 
University of California, San Francisco 
San Francisco, CA 94143-0342 
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To the Editor: 


As noted by Dr Myers in the Editorial Comment that follows ` 
it, the recent article by Laccourreye et al (Analysis of local 
recurrence in patients with selected T1-3NOMO squamous cell 
carcinoma of the true vocal cord managed with platinum-based 
chemotherapy-alone regimen for cure. Ann Otol Rhinol Laryngol 
2002;111:315-22) has the potential to initiate “a very. major 


: paradigm shift in the treatment of early-stage cancers of the 


glottis without metastasis to the neck." Recognizing that poten- 
tial, I believe it is critical that all aspects of this treatment 
regimen be analyzed. Without doubt, the published results are 
excellent. 


Questions that arise inclüde the following. 


1. Froma group of 77 patients who achieved a complete clin- 
ical response, 35 were chosen as the cohort for this report. How 
were these 35 selected? What was the outcome of the remaining 
42 patients? i i 


2. Six of the 35 patients (17%) died of intercurrent disease. Is 
this the expected level of non-cancer mortality in this group? Or 
is this a manifestation of chemotoxicity? 


3. Accumulating experience with long-term outcomes from 
chemotherapy includes a surprising proportion of patients with 
disabling dysphagia. What was the functional outcome with re- 
spect to swallowing in this group of patients? 


Having raised these questions, I want to add my congratula- 
tions to the authors for this stimulating and potentially pivotal 
contribution. The next phase in its analysis should include a ` 
prospective trial. 


x ERNEST A. WEYMULLER, JR, MD 
Dept of Otolaryngology— 
Head and Neck Surgery 
University of Washington 
School of Medicine 
Seattle, WA 98195-6515 
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GLOTTAL CONFIGURATION, ACOUSTIC, AND AERODYNAMIC 
CHANGES INDUCED BY VARIATION IN SUTURE DIRECTION IN 
ARYTENOID ADDUCTION PROCEDURES 


KATSUHIDE INAGI, MD 
SAITAMA, JAPAN 
CHARLES N. FORD, MD 
MADISON, WISCONSIN 


NADINE P. CONNOR, PHD 
MADISON, WISCONSIN 
DIANE M. BLESS, PHD 
MADISON, WISCONSIN 


TATSUTOSHI SUZUKI, MD 
MADISON, WISCONSIN 
MASAMI NAKAJIMA, MD 
SAITAMA, JAPAN 


` Arytenoid adduction is a phonosurgical procedure in which the arytenoid cartilages are approximated to reduce posterior glottal 
gap size and improve voice. Voice outcomes following arytenoid adduction are not always optimal. The goal of this study was to 
systematically vary suture direction and force of pull on the arytenoid cartilages in a human excised laryngeal model to determine the 
optimal combination of factors for reducing glottal gap and improving voice. Several factors demonstrated significant effects. Changes 
in suture direction and force of pull affected glottal configuration in both the horizontal and vertical planes. Increased force of pull on 
the muscular process resulted in increased adduction of the vocal process for all suture directions. Changes in suture direction and 
force of pull also affected acoustic and aerodynamic measures of induced voice. Therefore, voice outcomes can be optimized with 
arytenoid adduction if the vocal fold plane is accurately adjusted. 


KEY WORDS — arytenoid adduction, lateral cricoarytenoid muscle, thyroarytenoid muscle. 


INTRODUCTION 


Among the myriad of phonosurgical procedures 
developed for treating unilateral vocal fold paraly- 
sis, arytenoid adduction stands out as a potentially 
good but underused technique. It appears to be used 
less frequently! because of its technical difficulty. 


Historically, the surgical technique for shifting the 
arytenoid cartilage was first described by Morrison 
in 1948,* and was modified in 1966 by Montgom- 
ery? with a technique for fixing the arytenoid and 
cricoid cartilages in a new position. In 1978, Isshiki 
et alô described arytenoid adduction as a simple and 
reliable surgical technique for medializing the aryte- 
noid cartilage and improving the voice. Isshiki's orig- 
inal technique required attachment of two 3-0 nylon 
sutures to the muscular process of the arytenoid carti- 
lage. The sutures were then inserted through differ- 
ent sites in the thyroid cartilage to simulate the forces 
of the lateral cricoarytenoid and thyroarytenoid mus- 
cles. Suture tension produced arytenoid cartilage ro- 
tation, thus medializing the vocal fold. 


Arytenoid adduction, in theory, reduces glottal gap 
size, corrects vertical plane differences between the 
two vocal folds, and improves voice for patients with 


glottal insufficiency. However, surgical success is not 
inevitable.’ Failure to improve voice may be due to 
overrotation of the arytenoid cartilage,?? shortening 
of the vocal fold,? and/or inadequate correction of 
the vertical plane differences. 


Suture direction and force of suture pull may be 
important determinants of postsurgical glottal con- 
figuration and resultant voice improvement. Unfor- 
tunately, optimal levels for these parameters have not 
been identified, as there are few studies regarding 
laryngeal biomechanics during arytenoid adduction 
procedures.?-1? Further, there are no reports in the 
literature of the 3-dimensional configuration changes 
that occur in the glottis after adjustments in arytenoid 
position, and no studies that systematically examined 
phonatory outcomes in a single larynx with system- 
atic variations in arytenoid adduction parameters. 
Therefore, surgeons must make empiric adjustments 
in the operating room in regard to suture direction 
and force of pull. This method can be time-consum- 
ing and may not yield optimum results. 


This study investigated the relationships among 
suture direction, force of pull, and 3-dimensional 
changes in anatomic configuration at the glottis and 
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__ TABLE 1. SUBJECTS 














Larynx Age 


No. (y) Sex Cause of Death Intubation 








| 79 M Motor vehicle accident No 

2 67 M Atrophy of cerebrum Unknown 
3 55 M Ventricular rupture Yes 

4 66 M  Atherosclerosis NO 

5 68 M  Bronchogenic cancer NO 

6 3 M Motor vehicle accident Yes 

7 3] M Aneurysm of aorta Yes 

8 42 F Pulmonary hypertension Yes 

9 53 F Myocardial infarction No 
10 82 M  Bronchopneumonia NO 








voice results in a human excised laryngeal model with 
simulated unilateral vocal fold paralysis. 


MATERIAL AND METHODS 
SUBJECTS 


Ten excised cadavaric human larynges (8 male and 
2 female) were obtained from the Department of 
Pathology, University of Wisconsin. Six male excised 
human larynges (Nos. | to 6 in Table 1) were used to 
study glottal configuration changes after arytenoid 
adduction. The remaining 4 larynges (Nos. 7 to 10 
in Table 1) were used to study acoustic and aerody- 
namic changes in induced phonation as a function of 
arytenoid adduction. The latter 4 larynges were se- 
lected for phonatory analyses because they did not 
have any vocal fold mucosal lesions and minimal 
laryngotracheal frame damage. The cause of death 
for each donor and the presence of an endotracheal 
tube at autopsy are shown in Table 1. 


METHODS 


Laryngeal Preparation. Extralaryngeal tissue and 


: Suture 


Process 





muscle were dissected away to increase the stability 
of the larynx. For better visibility of the arytenoid 
cartilages and vocal fold displacement, the epiglot- 
tis and the superior part of the aryepiglottic folds were 
extracted without any effect on arytenoid displace- 
ment. 


Arytenoid Adduction Procedure. Arytenoid adduc- 
tion was performed in a manner similar to the descrip- 
tion of Isshiki et al. The muscular process of the 
right arytenoid cartilage was exposed and confirmed 
to be mobile without intrusion at the cricoarytenoid 


Joint. A single 3-0 Tevdek suture was tied through 


the exposed muscular process. As shown in Fig 1A, 
the sutures were passed through the larynx and 
emerged at 6 separate locations on the thyroid carti- 
lage: 1) the superior notch (SN); 2) the junction of 
the superior edge and the anterior fourth of the supe- 
rior border (FS); 3) the junction of the superior edge 
and the middle of the superior border (MS); 4) the 
inferior notch (IN); 5) the junction of the inferior 
edge and the anterior fourth of the inferior border 
(FI); and 6) the junction of the inferior edge and the 
middle of the inferior border (MI). 


Glottal Configuration Changes After Arytenoid 
Adduction Procedure. The larynges were vertically 
mounted on a platform that stabilized both the thy- 
roid and cricoid cartilages. For measuring arytenoid 
and vocal fold displacement, 5 markers were placed 
on the following laryngeal landmarks (Fig 1): 1) point 
A or the vocal process (allowing measurement of the 
rotation of the arytenoid cartilage and change in vo- 
cal fold length); 2) point B or the posterior end of 
the vocal fold (allowing measurement of the ampli- 
tude of membranous and cartilaginous vocal fold ad- 
duction); 3) point C or the tip of the arytenoid carti- 





Fig 1. Schematic view (A) and superior view of excised larynx (B). Sutures attached at muscular process were directed toward 
6 different directions, including superior notch (SN), anterior fourth of superior border of thyroid cartilage (FS), middle of 
superior border of thyroid cartilage (MS), inferior notch (IN), anterior fourth of inferior border of thyroid cartilage (FI), and 
middle of inferior border of thyroid cartilage (MS). Five measurement points were marked on each larynx: point A, vocal fold 
surface at vocal process; point B, posterior end of vocal fold; point C, tip of arytenoid cartilage at arytenoid adduction side: 
point D, tip of arytenoid cartilage at contralateral side; and point E, edge of vocal fold at vocal process. 
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Fig 2. Schematic view of excised 
laryngeal experimental apparatus. 
Compressed air was directed 
through humidifier and artificial 
lung and then released. Subglottal — Ur 
air pressure and airflow were trans- HR 
duced at position between artificial || 
lung and larynx. Microphone was 
placed at 30 cm above vocal folds. 
Camera and stroboscopy unit po- 
sitioned above larynx were used to 
record superior view for analysis 
of vocal fold vibratory character- 
istics. Aerodynamic and acoustic 
data were acquired on personal 
computer with available computer 
software. 


Pressure/Flow 
Modulator 


lage (allowing examination of arytenoid tilt); 4) point 
D or the tip of the contralateral arytenoid cartilage 
(serving as a reference in video image analyses); and 
5) point E or the tip of the vocal fold at the vocal 
process (allowing examination of the vertical dis- 
placement of the vocal process and vocal fold). 


Each suture originating from the muscular process 
was directed to | of the 6 separate locations on the 
thyroid cartilage and was pulled with 4 different 
weights (20 g, 50 g, 100 g, and 150 g) for adducting 
the arytenoid cartilage. The weights allowed system- 
atic manipulation of the force applied to the suture, 
and simulated the force of pull during arytenoid ad- 
duction procedures. 


A small laryngeal mirror was placed between the 
vocal folds at a position in line with the anterior com- 
missure and the midline of the posterior commissure, 
and was adjusted to a 45° slant relative to the vocal 
fold plane. The mirror allowed measurement of the 
vertical displacement of the arytenoid cartilage and 
vocal fold (Fig 1B). 


A video camera was mounted above the larynx 
for recording a superior laryngeal view. The loca- 
tions of each measurement point at both the cadavaric 
vocal fold position and the adducted vocal fold posi- 
tion were recorded at each suture weight. The video 
images were digitized and the location of each marker 
(points A to E) was measured in the x and y dimen- 


TABLE 2. SHIM DEPTHS AND LOCATIONS 


Shim Location 


From Anterior From Superior 


Larynx Shim Depth Border of Border of 
No. (mm) Window (mm) Window (mm) 
A 6 2 0 
8 3 0 l 
9 5 3 l 
10 5 2 l 


Microphone 


Air Supply poy 










Force 

Trans. 
Airflow 
Trans. 


sions with NIH Image 1.62 software (US Depart- 
ment of Health and Human Services, National Insti- 
tutes of Health, Bethesda, Maryland) on a personal 
computer. 


The displacement amplitude at each measurement 
point was defined as the change in length (in milli- 
meters) of the 2-dimensional displacement vector in 
the x- and y-axes between the cadavaric and adducted 
positions. The displacement amplitude at point D, in 
x and y dimensions, was subtracted from each mea- 
sure to account for translation of the whole larynx, 
which might be caused by pulling the suture. The 
arytenoid displacement amplitude (in millimeters) at 
measurement points A, B, and C was assessed in the 
lateral-medial (x-axis) and anterior-posterior (y-axis) 
directions. At point E, arytenoid displacement con- 
stituted a change in the superior-inferior (x-axis) and 
anterior-posterior (y-axis) dimensions. All measures 
were assessed separately at 20 g, 50 g, 100 g, and 
150 g. 


Phonatory Outcomes After Arytenoid Adduction. 
Each of the 4 larynges was mounted on scaffolding 
in the excised laryngeal research laboratory at the 
University of Wisconsin (Fig 2). The cricoid carti- 
lage was stabilized on the horizontal plane, and the 
thyroid cartilage was tilted forward between 10^ and 
15° from the vertical plane. Compressed air was di- 
rected through a humidifier and an artificial lung and 
then released through the larynx. Subglottal air pres- 
sure and airflow were transduced at the position be- 
tween the artificial lung and the larynx (Fig 2). A 
microphone was placed 30 cm above the vocal folds. 
A camera positioned above the larynx recorded a su- 
perior view for analysis of vocal fold vibratory char- 
acteristics. Aerodynamic and acoustic data were ac- 
quired on a dedicated personal computer with avail- 
able software (C-Speech, Madison, Wisconsin). 


Unilateral (left) vocal fold paralysis was simulated 
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Fig 3. Relationships between total displacement amplitude and force of pull among suture directions on each point. Total 
vocal fold adductory amplitude and force of pull were directly proportional across suture directions and measurement points. 
For measurement points A and B, significant positive correlation was observed between total vocal fold adductory amplitude 
and force of pull in all suture directions. For measurement point C, significant positive correlation was observed between total 
vocal fold adductory amplitude and force of pull when suture was pulled toward only MS and FI directions. Total vocal fold 
adductory amplitude of point E in SN, IN, and FI directions significantly and positively correlated with force of pull. 


for this arytenoid adduction study, and was treated 
with a left medialization thyroplasty. This was nec- 
essary to produce suitable tension of the vocal fold 
and to adduct the membranous vocal fold on each 
larynx. The thyroplasty window was 5 x 10 mm, with 
the anterior border located 5 mm (female larynges) 
or 7 mm (male larynges) from the anterior edge of 
the left thyroid cartilage, and the superior border lo- 
cated at the midportion between the superior and in- 
ferior notches. The shim sizes and locations are listed 
in Table 2. 


The right vocal fold was adducted with a suture 
(3-0 Tevdek) and a fine needle. This suture was at- 
tached at the muscular process of the right arytenoid 
cartilage and pulled medially for simulating the func- 
tion of the interarytenoid muscle. The needle was in- 
serted lateral to the vocal fold mucosa, thus simulat- 
ing the function of the thyroarytenoid and lateral cri- 
coarytenoid muscles in inducing adduction of the vo- 
cal folds and creating vocal fold tension. It was nec- 
essary to control the position of the right vocal fold 
across larynges to allow comparison of phonatory out- 


comes. Therefore, the right vocal fold was fixed at 
the same level across the 4 larynges, on the basis of 
phonatory outcomes with the left vocal fold adducted 
with sutures to both the SN and IN suture directions 
with 150-g weights. During monitoring of voice pro- 
duction on the computer monitor, the position of the 
right vocal fold was adjusted to a position that met 
acoustic criteria for the best, or model, phonation. 


In this left vocal fold paralysis model, a suture from 
the left muscular process was directed toward 1 of 
the 6 thyroid cartilage positions previously described 
(SN, FS, MS, IN, FI, and MD, with care not to dislo- 
cate the right vocal fold position or the thyroplasty 
shim on the left side. The acoustic and aerodynamic 
properties of induced phonation were recorded at 85 
dB sound pressure level (SPL). The vocal outcome 
was assessed with measurements of airflow, subglot- 
tal pressure, vocal efficiency index (alternating cur- 
rent flow divided by direct current flow), fundamen- 
tal frequency (F0), jitter, percent shimmer, signal- 
to-noise ratio (SNR), open quotient (OQ; open phase 
duration divided by duration of entire cycle), speed 
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TABLE 3. CORRELATION (Rs) BETWEEN TOTAL 
VOCAL FOLD ADDUCTORY AMPLITUDE AND FORCE 
OF PULL AMONG SUTURE DIRECTIONS 





SN FS MS IN Fl MI 
Point A 073* (65* 0,88* O61" —063*- 0.57" 
Point B O67" 0.56" 0.83% 057” 0263" (0,55 
Point C 0,37 O35 055%- O37 0.457 037 
Point E 0:62" 024 033. 0:53" 0,58" 0.39 
See text for definitions. 
*"p.«. 01. 
tp < .05. 


quotient (SQ; opening phase duration divided by 
closing phase duration), and speed index (SI; SI = 
[SQ — 1]/[SQ + 1]). 

To reduce the effect of variability of factors such 
as gender, age, and cause of death on measurements 
of vocal outcome, an improvement index was calcu- 
lated for each phonatory measure within each larynx 
and used for comparison among suture directions. 
The improvement index for each of the phonatory 
measures was calculated as follows: Improvement 
index = Phonatory MeasureSD/Phonatory MeasureMP. 
Phonatory MeasureSD represents the data value ob- 
tained for each measure of phonatory function for a 
particular suture direction, and Phonatory MeasureMP 
is the equivalent measure recorded during production 
of the model phonation. 


STATISTICAL ANALYSIS 


Spearman correlation analysis was used to exam- 
ine the relationship between the total displacement 
amplitude of each suture direction and the force-of- 
pull condition. The Spearman correlation coefficient 
(RS) was considered significant at a p value of less 
than .05. 


X-axis movement amplitude 


Medial -«—— —»- Lateral 


-2 -1.5 -l -0.5 0 0.5 | 





Y-axis movement amplitude 
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The x-axis displacement amplitude and y-axis dis- 
placement amplitude were compared across each su- 
ture direction and weight condition. Analysis of vari- 
ance (ANOVA) was used to test whether suture di- 
rection, weighting, or the interaction influenced the 
dependent variables. The improvement index for each 
phonatory characteristic was also compared across 
suture directions with ANOVA. If the ANOVA indi- 
cated that significant differences existed, all paired 
comparisons were examined with Fisher’s protected 
least significant difference procedure (SAS, Cary, 
North Carolina). All testing was done at the nominal 
5%; the reported p values control the comparisonwise 
type I error rate within each dependent variable. 


RESULTS 


RELATIONSHIP OF VOCAL FOLD ADDUCTION AND 
FORCE OF PULL 


The total vocal fold adductory amplitude and the 
force of pull were directly proportional across su- 
ture directions and measurement points (Fig 3 and 
Table 3). For points A and B, a significant positive 
correlation was observed between total vocal fold 
adductory amplitude and force of pull across all su- 
ture directions. The suture directions SN, FS, IN, and 
FI resulted in greater displacement amplitude than 
suture directions MS and MI (Fig 3). For point C, a 
significant positive correlation was observed between 
total vocal fold adductory amplitude and force of pull 
when the suture was directed toward only the MS 
and FI directions. The total vocal fold adductory am- 
plitude of point E in the SN, IN, and FI directions 
was significantly and positively correlated with the 
force of pull (Table 3). 


Significant relationships were found between lat- 


—b- Anterior 





Posterior -«—— 


150g 


2üg 50g 


100g 


Fig 4. Comparison study showed significant relationships between lateral-medial (x-axis) displacement of points A (p < .OL), 
B (p < .01), and C (p < .05) and force of pull (A). However, no significant relationship of lateral-medial arytenoid displace- 
ment was observed between 100-g and 150-g weights. For point C, medial displacement at 20 g force of pull was significantly 
shorter than that at 100 g (p < .05) and 150 g (p < .01). Significant relationship was observed between anterior-posterior ( y- 
axis) displacement of point E and force of pull (p « .01; B). Significant differences in posterior point E displacement are noted 
between 20 g and 100 g (p < .01), 20 g and 150 g (p < .01), and 50 g and 150 g (p< .05). 
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Fig 5. A) Lateral-medial (x-axis displacement amplitude of points A, B, and C), B) anterior-posterior (y-axis displacement 
amplitude of points A, B, C, and E), and C) superior-inferior (x-axis displacement amplitude of point E) arytenoid displace- 
ments. Point A was displaced medially (p < .01) across suture directions, with exception of suture directions FS and MS. Point 
A was displaced only in medial direction for FS and MS suture directions. Suture directions SN, FS, IN, and FI resulted in 
significantly (p < .01) greater adductory amplitude than MS. Point B was displaced medially (A) across all suture directions. 
Observing point B, suture directions SN, FS, IN, and FI resulted in significantly (p < .01) greater adductory amplitudes than 
MS and MI. For y-axis, point B was displaced posteriorly for all suture directions, except for MS (B). Average displacement 
amplitude of each suture direction in y-axis of points A and B was less than 0.2 mm (B). Amplitude of lateral-medial displace- 
ment (x-axis) of point C was significantly (p < .01) different among suture directions. Suture directions SN. FS. MS. and IN 
resulted in medial displacement of point C, while suture direction MI resulted in lateral displacement. In y-axis dimension, 
point C was displaced anteriorly across all suture directions (B). Suture directions IN and FI resulted in significantly (p « .05) 
greater anterior displacement than MS. Amplitude of anterior-posterior displacement (y-axis) of point E showed significant (p 
« .05) difference among suture directions (B). Suture directions SN, IN, FI, and MI resulted in significantly greater posterior 
displacement than MS. Amplitude of superior-inferior displacement (x-axis) of point E demonstrated significant (p < .01) 
difference among suture directions (C). Suture direction FI resulted in significantly greater inferior displacement than SN, FS, 
and MS. Suture direction IN resulted in significantly greater inferior displacement than MS. When suture direction MS was 
used, point E was displaced posteriorly in horizontal plane without any vertical displacement. 


eral-medial (x-axis) displacement of points A, B, and suture directions (Fig 5A). The suture directions SN, 
C and force of pull (Fig 4A), except at the 100- and FS, IN, and FI resulted in significantly greater adduc- 
150-g weights. For point C, the medial displacement tory amplitude than did MS. The average displace- 
with 20 g of pull was significantly less than that with ment of each suture direction in the y-axis was less 
100 or 150 g. A significant relationship was observed than 0.2 mm (Fig 5B). 

between the anterior-posterior (y-axis) displacement 


of point E and the force of pull (Fig 4B). Point E was all suture directions (Fig 5A). The suture directions 
displaced significantly in the posterior direction with SN, FS, IN, and FI resulted in significantly greater 
increased force of pull. adductory amplitudes than did MS and MI. In the y- 
LATERAL-MEDIAL AND ANTERIOR-POSTERIOR axis, point B was displaced posteriorly for all suture 
ARYTENOID DISPLACEMENT directions except MS (Fig 5B). The average displace- 
ment amplitude of each suture direction in the y-axis 

Point A. Point A was displaced medially across was less than 0.2 mm (Fig 5B). 


Point B. Point B was displaced medially across 
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TABLE 4. ACOUSTIC AND AERODYNAMIC MEASURES FOR EACH SUTURE DIRECTION 


Model Suture Directions 
Phonation MS FS SN IN Fl MI 
Airflow (L/min) 3016.6 47 X174 37275 aa 72 43 +10 49 t: 9.] 56 X14 
Subglottal 44 tX: 6.5 39 € 2.9 40 + 2.6 41+2.7 37 42.8 38 + 3.4 31727 
pressure 
(cm H20) 
Vocal efficiency 0.75 + 0.03 0.63 +0.04. 0.75 £0.04 0.78 + 0.05 0.68 + 0.05 0.61 +0.07 0.62 £0.04 
index E 
Fundamental 349 t 34.1 363 + 25.0 358 + 27.1 349 t 24.0 340 + 36.7 352 £322 351 + 32.7 
frequency a 
(Hz) 
Jitter 0.014 0.003 0.030 :€£0.006 0.025 0.005 0.012+0.003 0.021 0.003 0.032 + 0.007 0.033 + 0.006 
95 Shimmer 4.0 3: 1.2 5.11.1 5;1:E1.1 3.4 € 0.82 4.4 + 0.73 5.2 1.4 5.4 + 0.73 
Signal-to-noise 13.1 2.20 11.4 X 1.25 11.9 + 1.28 14.5 + 2.24 11.4 € 0.88 10.410.933 10.2+1.16 
ratio 
Open quotient — 0.06 £ 0.04 0.81 + 0.02 0.74 + 0.02 0.72 + 0.03 0.74 + 0.02 0.78 0.03 0.82 + 0.03 
Speed quotient — 1.29 + 0.28 1.24 +0.19 1.31 € 0.28 1.26 € 0.34 1.10 + 0.23 1.16:0.26 — 1.17 £0.22 
Speed index — —0.085 ::0.122 -0.088 + 0.073 —0.099 + 0.092 —0.057 +0.13 —0.013 10.10 ~-0.036£0.11 -0.051 + 0.091 


Data are mean + SD. 


Point C. The amplitude of lateral-medial displace- 
ment (x-axis) of point C was significantly different 
among suture directions. As shown in Fig 5A, suture 
directions SN, FS, MS, and IN resulted in a medial 
displacement of point C, while suture direction MI 
resulted in a lateral displacement. In the y-axis di- 
mension, point C was displaced anteriorly across all 
suture directions (Fig 5B). Suture directions IN and 
FI resulted in significantly greater anterior displace- 
ment than did MS. 


Point E. The amplitude of anterior-posterior dis- 
placement (y-axis) of point E showed a significant 
difference among suture directions (Fig 5B). The su- 
ture directions SN, IN, FI, and MI resulted in signifi- 
cantly greater posterior displacement than did MS. 


SUPERIOR-INFERIOR ARYTENOID DISPLACEMENT 


The amplitude of superior-inferior displacement 
(x-axis) of point E was significantly different among 
suture directions (Fig 5C). Suture direction FI re- 
sulted in significantly greater inferior displacement 
amplitude than did SN, FS, and MS. Suture direc- 
tion IN demonstrated significantly greater inferior 
displacement than did MS. When suture direction 
MS was used, point E was displaced posteriorly in 
the horizontal plane without any vertical displace- 
ment. 


PHONATORY CHARACTERISTICS AFTER ARYTENOID 
ADDUCTION 


Aerodynamic Measurements. The subglottal pres- 
sure needed to produce phonation at 85 dB SPL in 
each suture direction was between 37 cm H20 and 
41 cm H20 (Table 4). There was not a significant 
difference in the improvement index of subglottal 
pressure among suture directions. However, the im- 


provement index of both airflow and the vocal effi- 
ciency index showed significant differences among 
suture directions (Fig 6A). The airflow for the SN 
suture direction was 33 t 7.2 L/min and was thus the 
Jowest value among the suture directions. The high- 
est vocal efficiency index (0.78 + 0.05) was observed 
when the muscular process was directed toward the 
SN direction (Table 4). 


Acoustic Measurements. The Fo produced by the 
larynges across all suture directions ranged from 340 
to 363 Hz. No difference among suture directions, 
including the model phonation, was observed. The 
improvement indices of jitter and SNR were signifi- 
cantly different among suture directions (Fig 6B). 
However, no significant difference was observed in 
the percent shimmer improvement index. Jitter was 
the lowest (0.012 + 0.003) when the muscular pro- 
cess was directed toward SN, and signal-to-noise ra- 
tio was the highest (14.5 + 2.24; Table 4). 


VIBRATORY CHARACTERISTICS 


In Table 4, data are presented concerning measures 
of OQ, SQ, and SI across suture directions and the 
model phonation. No significant differences among 
suture directions were observed in these vocal fold 
vibratory characteristics (Fig 6C). 


DISCUSSION 


Thyroplasty type I and various types of vocal fold 
augmentation are the primary techniques used for cor- 
recting glottal incompetence. In the case of medial 
or lateral fixation of the vocal fold, these techniques 
often do not improve voice satisfactorily because of 
the presence of a large posterior glottal gap. The ary- 
tenoid adduction technique has been proposed as a 
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useful procedure for patients with a large posterior 
glottal chink!? or vocal folds that are positioned off 
the vertical plane. For these indications, arytenoid 
adduction may have some advantage over other pro- 
cedures, because surgical intervention does not cause 
trauma to the vocal fold mucosa or postoperative vo- 
cal fold scarring. 
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In cases of glottal incompetence, baseline aryte- 
noid positions are highly variable in both the hori- 
zontal and vertical planes. Four of the 5 intrinsic la- 
ryngeal muscles insert into the muscular process of 
the arytenoid cartilage (ie, thyroarytenoid, lateral cri- 
coarytenoid, posterior cricoarytenoid, interaryte- 
noid). These muscles have different fiber geometries 
that affect arytenoid rotation. Moreover, in disordered 
larynges, the degree of neurologic compromise at the 
recurrent or superior laryngeal nerves may affect the 
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Fig 6. Improvement indices of A) aerodynamic measurements, 
B) acoustic measurements, and C) vibratory characteristics were 
compared among suture directions. Improvement index of sub- 
glottal pressure was not significantly different among suture di- 
rections. However, improvement index of both airflow (p < .05) 
and vocal efficiency index (p < .05) showed significant differences 
among suture directions (A). Fundamental frequency was not sig- 
nificantly different among suture directions. Improvement index 
of jitter (p < .05) and signal-to-noise ratio (SNR; p < .05) was 
significantly different among suture directions (B). However, no 
significant difference was observed in improvement index of per- 
cent shimmer. Vibratory characteristics (C) did not demonstrate 
significant change across suture directions in improvement index 
in measures of open quotient (OQ), speed quotient (SQ), and speed 
index (SI). Mo — model phonation. 


Vibration Characteristics vs Suture Directions 
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tension of each muscle and therefore affect arytenoid 
position and, ultimately, vocal fold position. Com- 
pensatory behaviors or hypertrophy often result in 
hyperfunction, which may create an even more dif- 
ficult situation, in that vocal fold position may be 
more resistant to intervention. Our previous work 
suggests that to obtain an optimal voice outcome af- 
ter phonosurgical operations such as thyroplasty type 
I with or without arytenoid adduction, the vocal folds 
must be adjusted on both the horizontal and vertical 
planes. The current study was designed to investi- 
gate which suture directions, when anchored at the 
muscular process, affect the displacement of the ary- 
tenoid cartilage and the phonatory outcome. 


The underlying theory in arytenoid adduction is 
that the sutures attached at the muscular process phys- 
ically adduct the arytenoid cartilage, instead of the 








TABLE 5. INTERPRETATION OF RESULTS OF ARYTENOID ADDUCTION FOR DIFFERENT SUTURE DIRECTIONS 
———————————————————M——MÁÁÁÉÓÉLOUAUNESPEMNDMINMNS 


Arytenoid and 
Suture Vocal Fold Vocal Fold 
Direction Medialization Elongation 
FI Good Good 
IN Good Good 
SN Good Good 
FS Good Poor 
MI Poor Good 











Vocal Fold Direction of Vocal 
Droop Arytenoid Tilt Outcome 
Good Anterior 
Good Anteromedial Good 
Poor Anteromedial Good 
Poor Anteromedial 
Good Lateral 


Medial 


MS Poor Poor None 
———À—————Á——————— le 
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adductory laryngeal muscles' performing this func- 
tion. In their so doing, the paralyzed vocal fold is 
adjusted so that it is on a normal plane for phona- 
tion. However, there are conflicting findings about 
arytenoid movement, including that 1) the thyroary- 
tenoid muscle is the dominant muscle for arytenoid 
movement!*; 2) the lateral cricoarytenoid muscle is 
the strongest adductor for the vocal fold and the vo- 
cal process!>; 3) both the thyroarytenoid and lateral 
cricoarytenoid muscles produce the main adductory 
forces and result in medial and dorsal displacement 
of the tip of the vocal process!®; and 4) the interaryte- 
noid muscle may be necessary to completely close 
the posterior glottal chink.!> The complex interac- 
tion of these muscles and the anatomic configura- 
tion of the cricoarytenoid joint, and the vectors of 
force applied by these muscles, are considered to be 
important for arytenoid movement. In the current 
study, we attempted to determine optimal vector di- 
rection using single sutures attached at the muscular 
process and then pulled to simulate specific muscles. 


Increased weight on the muscular process resulted 
in increased adduction of the vocal process for all 
suture directions. As shown in Table 5, the greatest 
amplitudes of arytenoid displacement were obtained 
for suture directions FI, IN, SN, and FS, whereas 
vocal fold elongation was most effective with su- 
tures directed toward FI, IN, SN, and MI. The IN, 
FI, and MI suture directions led to a vocal process 
droop with posterior displacement of the vocal fold. 
Pulling the sutures toward the IN, SN, and FS direc- 
tions resulted in an anterior-medial arytenoid tilt, 
whereas pulling the suture to the MI direction re- 
sulted in a lateral arytenoid tilt with a slight anterior 
displacement. On the other hand, the MS suture di- 
rection tilted the arytenoid cartilage medially with- 
out any anterior-posterior displacement. Anterior dis- 
placement of the arytenoid cartilage was only ob- 
served when the FI suture direction was used. Con- 
sidering these displacement effects, the surgeon might 
use a combination of suture directions to make fine 
adjustments of the arytenoid cartilage, depending 
upon the particular requirements of the patient's pre- 
surgery glottal configuration. Fine-grained arytenoid 
positioning may be beneficial for patients who re- 
quire adjustments of both planes or of each plane 
independently. Sutures used in this manner provide 
the best control over adjustment in functional adduc- 
tion of the arytenoid cartilage and in vertical posi- 
tioning of both the arytenoid cartilage and the vocal 
fold. 


Phonatory outcomes associated with different su- 
ture directions resulted in significant differences. In 
our left vocal fold paralysis model, the right vocal 
fold was adjusted to a position in which the left vo- 


cal fold approximated the right vocal fold plane. 
Therefore, we could expect good phonatory results. 
Better phonatory outcomes were observed when the 
muscular process was directed toward the SN or IN 
direction as compared with other suture directions. 
It may be clinically significant to consider these re- 
sults when performing arytenoid adduction. Our ex- 
perimental model suggests that this fine-grained ary- 
tenoid positioning may be useful for patients who 
require better vocal quality. 


In the original paper describing arytenoid adduc- 
tion, Isshiki et alf state that the cricoarytenoid junc- 
tion should be opened, because once surgically modi- 
fied, this joint may show ankylosis several months 
after surgery. However, opening the cricoarytenoid 
joint during arytenoid adduction procedures may re- 
sult in a prolapse of the arytenoid cartilage! 7 overad- 
duction of the posterior commissure,!/ and a short- 
ened vocal fold because of the forward displacement 
of the arytenoid cartilage with traction on the suture 
running through the muscular process. The vocal out- 
come of arytenoid adduction with an opened crico- 
arytenoid joint may be a rough or raspy voice. In the 
case of ankylosis or fixation of the cricoarytenoid 
joint, the joint should be opened.!? Because an 
opened cricoarytenoid joint can make the movement 
of the arytenoid cartilage more complicated, we de- 
cided not to open the joint in this study. 


There is disagreement about using an excised hu- 
man laryngeal model in research, which may reduce 
the generalization of results to clinical conditions. 
The disagreement centers around the following is- 
sues: 1) clinical laryngeal paralysis does not have a 
complete denervation of the larynx; hence, there may 
be forces exerted by residual or reinnervated muscle 
fibers!5; 2) extrinsic laryngeal muscles and contralat- 
eral intrinsic laryngeal muscles may affect the posi- 
tion of the arytenoid cartilage!?; and 3) excised la- 
rynges lack support from the trachea and pharynx.!? 
While these issues may reflect study limitations, sys- 
tematic study demands use of an excised model. It is 
impossible to study the arytenoid cartilage and resul- 
tant vocal fold displacements after changes in suture 
direction in arytenoid adduction in an in vivo model. 
Moreover, phonatory characteristics induced by 
changing suture direction cannot be measured in hu- 
man patients under sedation. 


The findings of this work provide new informa- 
tion about fine adjustments of both the arytenoid car- 
tilage and vocal fold plane levels during surgery. Clin- 
ical trials based on this work are needed to fully un- 
derstand the dynamic movement of both the arytenoid 
cartilage and the vocal fold during arytenoid adduc- 
tion procedures. Surgeons must be aware of the im- 
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plication that suture directions have a significant im- 
pact on arytenoid adduction and resultant voice out- 
come. 


CONCLUSION 


By changing the direction of sutures attached to 
the muscular process, arytenoid position can be ad- 
justed in both the horizontal and vertical planes. Fur- 





thermore, by changing the direction of sutures at- 
tached to the muscular process, phonatory outcomes 
are dramatically improved. This fine-grained aryte- 
noid positioning could be beneficial to patients who 
require adjustments of both planes or of one plane 
independently. Surgeons who use fine-grained aryte- 
noid positioning should obtain more consistent vo- 
cal outcomes. 
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ENDOSCOPIC BOTULINUM TOXIN INJECTION FOR 
CRICOPHARYNGEAL DYSPHAGIA 
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PHILADELPHIA, PENNSYLVANIA 


Twelve patients underwent 17 endoscopic injections of botulinum toxin type À in the cricopharyngeus muscle for the treatment 
of dysphagia and cricopharyngeal spasm over a 3-year period. The patient's charts were reviewed. Preoperative and postoperative 
symptoms, examination, and swallowing studies were reviewed. Eleven of the 12 patients had improvement in their symptoms, 
which lasted for a mean of 3.8 months. Two patients elected cricopharyngeal myotomy for permanent correction of their dysphagia. 
There was 1 case of postoperative neck cellulitis in an imnunocompromised patient undergoing simultaneous excision of a thyroglossal 
duct cyst. We conclude that endoscopic injection of botulinum toxin is a relatively safe and viable technique for the treatment of 
dysphagia associated with cricopharyngeal spasm. It requires simple tools readily available to otolaryngologists. Larger, prospective 
controlled studies are necessary to establish its effectiveness and role in the management of this condition. 


KEY WORDS — botulinum toxin, cricopharyngeus, dysphagia. 


INTRODUCTION 


The cricopharyngeus (CP) muscle (upper esopha- 
geal sphincter) attaches to the lateral aspect of the 
cricoid cartilage and separates the hypopharynx from 
the esophagus. It is innervated by the recurrent la- 
ryngeal nerves and pharyngeal plexus. When func- 
tioning properly, this sphincteric muscle maintains 
esophageal closure during inspiration and between 
swallows, and briefly relaxes in coordination with 
the swallow to allow for bolus transit. Jt prevents the 
reflux of gastric and esophageal contents into the hy- 
popharynx during inspiration. It also prevents air 
from entering the esophagus during inspiration. Dys- 
phagia may result from CP muscle dysfunction. 


The diagnosis of CP muscle spasm or hypertonic- 
ity begins with careful history-taking and can be con- 
firmed with a wide variety of studies, including modi- 
fied barium swallow study, esophageal manometry, 
and electromyography (EMG) of the CP muscle, 
which show persistent spasm of the CP muscle dur- 
ing the swallow.!-? Symptoms may include a cervi- 
cal "block" dysphagia in which primarily solid foods 
get caught up at the cricoid level. Patients may also 
describe choking symptoms, multiple attempts at 
swallowing the bolus, and nasopharyngeal reflux. 
Consequences may include weight loss, aspiration 
pneumonia, episodes of asphyxia due to airway ob- 
struction, use of alternative food consistencies, and 
dependence on nonoral feedings.® 


A wide variety of disorders may affect the CP mus- 
cle and cause dysphagia. These include 1) various 


neurologic disorders such as amyotrophic lateral scle- 
rosis or multiple sclerosis, 2) cerebral vascular acci- 
dents, 3) injuries to the pharyngeal plexus of nerves 
or the recurrent laryngeal nerves during head and 
neck surgery, 4) pharyngeal diverticula, and 5) idio- 
pathic conditions. 


Symptoms of CP dysphagia have been treated in 
the past with mechanical dilation, pharyngeal plexus 
neurectomy, and CP myotomy.”? McKenna and De- 
do’ reported on their experience in performing 54 
CP myotomies; they advocate patient selection based 
on careful history-taking alone. Patients with CP dys- 
phagia may have previously had normal findings on 
manometric or cineradiographic studies. They advo- 
cate CP myotomy as both a diagnostic and a thera- 
peutic modality in patients with CP dysphagia.’ 


More recently, botulinum toxin type A (Botox) has 
been advocated for the diagnosis and management 
of CP dysphagia.®:!0.!1 Botox has been used effec- 
tively for the treatment of a number of hyperkinetic 
disorders, such as blepharospasm, torticollis, orofa- 
cial dystonia, spasmodic dysphonia, and CP spasm 
that resulted in poor voice in tracheoesophageal punc- 
ture speakers.1^1? Botulinum exotoxin is a large pro- 
tein molecule that after intramuscular injection binds 
rapidly and irreversibly to the presynaptic choliner- 
gic nerve terminals. It thereby impairs the release of 
acetylcholine at the neuromuscular junction, causing 
a dose-related weakness of the innervated muscle. Its 
effects are mainly localized to the area in which it is 
administered, resulting in a process referred to as 
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SUMMARY OF PATIENT DATA 

















Pt Age Botox Dose Duration 
No. (y) Sex Basic Disease Modified Barium Swallow Study | (mouse units) % Improvement (mo) 
| 24 M Chemotherapy and irradia- Poor contraction of pharyngeal — 10,15, 20,25 25, 25,50, 75 3-6 
tion for squamous cell car- constrictors; poor relaxation of 
cinoma of hypopharynx cricopharyngeus 
£z — d M  Cerebrovascular accident Pooling in pyriform sinuses 15 50 3 
58 M Idiopathic Poor relaxation of cricopharyn- 15 50 
geus 
76 M Idiopathic Hypopharyngeal pooling 15 29 
2 63 M Total laryngectomy for squa- Poor relaxation of cricopharyn- 15 75 6 
mous cell carcinoma of larynx geus 
6 69 M Total laryngectomy for squa- Poor relaxation of cricopharyn- 15, 30 50, 75 4 
mous cell carcinoma of larynx geus 
T- yi F Amyotrophic lateral sclerosis, Poor relaxation of cricopharyn- 25 25 4 
dysphagia geus 
9 do M  Cerebrovascular accident, Poor relaxation of cricopharyn- 15, 30 50, 75 4 
unilateral true vocal fold geus 
motion impairment 
9 58 M Total laryngectomy for squa- Poor relaxation of cricopharyn- 20 75 6 
mous cell carcinoma of larynx geus 
lO | 86 F Parkinson's disease, small Pharyngeal dysphagia 15 29 3 
vessel disease, arteriosclerosis 
11 80 F Idiopathic cervical dysphagia Poor relaxation of cricopharyn- 15 100 4 
geus 
12 69 F Idiopathic cervical dysphagia Poor relaxation of cricopharyn- 20 No follow-up No fol- 
geus low-up 





chemical denervation. Additionally, its therapeutic 
effects are proportional to the dose, allowing for treat- 
ment to be tailored to the patient and disorder. Ther- 
apeutic effects are usually seen within 3 days of in- 
jection. Peripheral neuronal sprouting prevents these 
therapeutic effects from being permanent; reports sug- 
gest clinical efficacy lasting up to 6 months.!^-!6 


In the current literature, the treatment of CP dys- 
phagia with Botox has been described in a small num- 
ber of patients with short follow-up; both percutane- 
ous and endoscopic techniques were used.*.19.!! [n 
the current study, we set out to review our experi- 
ence over the past 3 years with endoscopic injection 
of botulinum toxin for the treatment of dysphagia 
related to CP muscle dysfunction. 


MATERIALS AND METHODS 


Design. A search of the otolaryngology patient da- 
tabase identified 12 patients who underwent endo- 
scopic injection of botulinum toxin into the CP mus- 
cle between July 1997 and June 2000. All patients 
were referred by a speech and language pathologist 
after modified barium swallow study. A retrospec- 
tive chart review was performed of these patients. 
Preoperative and postoperative symptoms, exami- 
nation findings, and videofluoroscopic swallowing 
study findings were reviewed. 


Technique. All procedures were performed in the 





operating room under a brief-acting general anesthet- 
ic. An adult Dedo laryngoscope was inserted into the 
upper esophagus, and the patient was suspended with 
a Lewy suspension apparatus on a Mayo stand with 
the CP muscle in view. A 7-inch, 22-gauge spinal nee- 
dle (Becton Dickinson and Co, Franklin Lakes, New 
Jersey) attached to a 3-mL Luer Lock syringe was 
inserted under direct visualization into the CP muscle. 
Freshly reconstituted, purified botulinum toxin type 
A (Botox, Allergen Inc, Irvine, California) at a 2.5- 
mouse units (MU)/0.1 mL concentration was injected 
into 3 sites — | posterior and 2 lateral — in the mus- 
cle after initial aspiration to ensure that the needle 
was not placed in an intravascular site. The patients 
were observed after operation in the recovery room 
and subsequently discharged home. A postoperative 
modified barium swallow study was performed be- 
tween 2 and 3 weeks after the procedure. The pa- 
tients were asked to return for follow-up at | month 
and again when their swallowing function had re- 
turned to the preoperative level. At follow-up, they 
were asked to rate the level of improvement in their 
swallowing function as compared to their preopera- 
tive state by quartiles, taking into account the consis- 
tency of food consumed, the length of time required 
for meals, and coughing and choking episodes dur- 
ing meals. 
RESULTS 


The Table summarizes the clinical results of the 
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patients reviewed. There were 8 men and 4 women. 
Their ages ranged from 52 to 86 years, with an aver- 
age age of 68 years. There were 3 patients who had 
undergone total laryngectomy for squamous cell car- 
cinoma of the larynx, and 1 patient who was treated 
with chemotherapy and irradiation for hypopharyn- 
geal carcinoma. There were a total of 4 patients with 
neurologic causes for CP dysphagia: 2 with cerebro- 
vascular accidents, 1 with amyotrophic lateral sclero- 
sis, and 1 with Parkinson's syndrome and small ves- 
sel atherosclerotic disease. There were 4 patients with 
idiopathic cervical dysphagia; 1 had undergone right 
upper lobectomy for carcinoma, but had normal true 
vocal fold function. The most common finding on 
preoperative swallowing study was a narrow upper 
esophageal sphincter with anterior bulging of the CP 
muscle and failure to relax during swallowing. Other 
. findings included pooling of secretions in the hypo- 
pharynx and poor contraction of the pharyngeal con- 
strictor muscles. 


Three patients underwent multiple Botox injec- 
tions, whereas the remaining 9 patients underwent 1 
procedure each. The doses of botulinum toxin ranged 
from 10 to 30 MU, with an average dose of 19 MU. 

All patients were seen in follow-up at 1 month after 
operation and then again when symptoms of preop- 
erative dysphagia returned. One patient was lost to 
follow-up. All patients reported between 25% and 
10046 improvement in their swallowing function as 
compared to their preoperative status, with an aver- 
age improvement of 53%. This improvement in- 
cluded less difficulty passing the bolus, faster con- 
sumption of food, and less coughing and choking 
during meals. The duration of improvement was be- 
tween 3 and 6 months, with an average duration of 
3.8 months. Postoperative modified barium swallow 
study was performed after 11 of the 17 injections. In 
8 of these, there was no obvious difference from the 
preoperative examination. 


J. One patient, who underwent concomitant excision 
of a thyroglossal duct cyst, developed neck cellulitis 
after operation that resolved with intravenous anti- 
biotic therapy. One patient did not come for any post- 
operative follow-up. Two patients elected to undergo 
CP myotomy for permanent correction of their dys- 
phagia. Four patients received additional injections 
periodically — 1 of these after the study period ended. 
Of the remaining 5 patients, the 3 with only 25% 
improvement in their symptoms chose not to have 
further therapy; and 2 died of unrelated causes. 


DISCUSSION 


Botulinum toxin injection into the CP muscle has 
. been a useful addition to the otolaryngologist's arma- 


mentarium for the treatment of cervical dysphagia. 
Schneider et al!9 first injected Botox for the treat- 
ment of CP dysphagia in 1994, using EMG guid- 
ance with endoscopy in 7 patients. Five of their 7 
patients subjectively experienced complete relief or 
marked improvement in their swallowing symptoms. 
Blitzer and Brin!! in 1997 described a percutaneous, 
EMG-guided approach for Botox injection as being 
both diagnostic and therapeutic for this condition. 
All 6 patients in the study had improvement as judged 
by decreased pooling on the modified barium swal- 
low study. 


Both of these groups relied on EMG, which may 
not be available to most practitioners. In addition, 
the percutaneous approach may not be reliable in in- 
experienced hands and is somewhat uncomfortable 
for patients because it requires rotation of the lar- 
ynx; it is also very difficult to locally anesthetize the 
entire path of injection. Ahsan et al? more recently 
described an endoscopic approach used without EMG 
in a limited number of patients. 


Since 1996, the senior author (A.M.S.S.) has been 
endoscopically injecting Botox into the CP muscle 
without EMG by the technique described. We re- 
viewed our series of 12 patients who underwent 17 
injections between 1997 and 2000. Eight of them re- 
ported 5046 or greater subjective improvement in their 
swallow function on a quartile scale. Three patients 
reported only 25% improvement; 2 of them were el- 
derly patients with chronic neurologic disease, and 
the third had idiopathic CP dysfunction. There was 
only 1 complication: neck cellulitis associated with 
a concomitant Sistrunk procedure in an immunocom- 
promised patient. 


Postoperative modified barium swallow examina- 
tion failed to show any significant difference from 
the preoperative state in 8 of 11 studies. The patients, 
however, very consistently reported improvement in 
their swallowing function as starting within 1 week 
after injection and disappearing 4 to 6 months after 
injection. This apparent discrepancy may indicate that 
the modified barium swallow study may not be sen- 
sitive enough to determine significant differences in 
the swallowing function that patients were clearly 
able to notice. À more quantitative evaluation of swal- 
lowing, such as scintigraphy, might have been able 
to determine postoperative changes. Such an evalu- 
ation would allow more objective diagnosis of the 
swallowing dysfunction before operation, as well. 
Investigation into this use is under way at our insti- 
tution. 


Evaluation of swallowing symptoms in our pa- 
tients was performed with a series of questions re- 
garding the tendency of the bolus to become “stuck” 
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or impeded, and the amount of choking and cough- 
ing that takes place with food ingestion. A more ex- 
tensive, statistically validated questionnaire would 
be more helpful in evaluating dysphagia patients. 

More recently, we have been performing these pro- 
cedures without an endotracheal tube, using mask 
ventilation and apneic technique. This practice has 
further reduced operative time, to less than 10 min- 
utes on average. 


CONCLUSIONS 
In our series, the safety and viability of endoscopic 


injection of botulinum toxin in the treatment of dys- 
phagia related to CP muscle dysfunction was exam- 
ined. Our results suggest that endoscopic Botox in- 
jection for the treatment of CP muscle dysphagia was 
both relatively safe and efficacious in a significant 
majority of our patients. This relatively simple pro- 
cedure may be performed with instruments readily 
available to and techniques well known to most oto- 
laryngologists. Larger, prospective, controlled trials 
are necessary to establish the effectiveness and role 
of the endoscopic technique in the management of 
this condition. 
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EFFECT OF SUBSTANCE P INJECTION INTO THE NUCLEUS 
TRACTUS SOLITARIUS OF RATS ON CRICOTHYROID AND 
THYROARYTENOID MOTOR ACTIVITY AND CARDIOVASCULAR 
AND RESPIRATORY SYSTEMS 
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Identification of central neurotransmitters that mediate laryngeal adductor and/or tensor activity may prove useful in managing 
pathological laryngeal adduction as occurs in laryngospasm or apparent life-threatening events. The putative transmitter substance P 
(SP) is found in the nucleus tractus solitarius (NTS), in which laryngeal afferents terminate. Therefore, we studied the laryngeal, 
cardiovascular, and respiratory effects of SP injected into the NTS of rats. We completed bilateral stereotactic injections of 20 nL of 
SP (15 umol) or control solution into the region of the NTS, the dorsal motor nucleus (DMN), or the nucleus gracilis (GR) in 30 
anesthetized rats. Changes in diaphragm, cricothyroid (CT), and thyroarytenoid (TA) electromyography (EMG), as well as blood 
pressure (BP), were compared. The injection sites were verified histologically. Injection of SP into the NTS altered CT and/or TA 
EMG activity in all animals. The change ranged from complete inhibition, to a phasic increase, to a tonic increase. No change in 
Jaryngeal adductor EMG activity was seen in 8 of 9 animals after SP injections into the DMN (4/5) or GR (4/4), but 1 animal 
demonstrated brief inhibition of CT and TA EMG activity after SP injection into the DMN. Injection of SP into the NTS induced 
central apnea and a significant decrease in BP in all animals. The duration of apnea tended to be longer after NTS injections than after 
DMN or GR injections (p « .10 and p « .05, respectively). We conclude that stereotactic injections of putative neurotransmitters in 
rats may be accomplished to identify effects on laryngeal motor activity. Direct application of SP into the NTS consistently elicits a 
change in CT and/or TA EMG activity, ranging from inhibition to excitation. This model may prove useful in evaluating pharmaco- 
logical targets of central reflex activity to manage life-threatening laryngeal reflex activity. 


KEY WORDS — cricothyroid muscle, laryngeal adduction, laryngospasm, nucleus tractus solitarius, substance P, thyroarytenoid 
muscle. 


INTRODUCTION pronounced in young animals (7 to 19 weeks of age) 


Stimulation of the laryngeal or esophageal mucosa 
causes reflex vocal cord adduction that is thought to 
protect against aspiration of material into the tracheo- 
bronchial tree. At times, this protective reflex be- 
comes pathological and manifests as laryngospasm 
or as other reflexes such as the esophagolaryngeal 
adductor reflex (ELAR).! 


The ELAR is induced by stimulating sensory nerve 
endings in the distal esophagus and manifests as in- 
spiratory stridor from vocal cord adduction or as ob- 
structive apnea. The existence of the ELAR may ex- 
plain how distal esophageal reflux can elicit changes 
in laryngeal motor activity in the absence of direct 
laryngeal stimulation. In dogs, the ELAR is far more 


than in mature animals.! This age predilection paral- 
lels pathological conditions such as reflux-related ap- 
nea and perioperative laryngospasm, both of which 
occur far more frequently in infants and young chil- 
dren than in adults. | 


Surgeons and anesthesiologists recognize that re- 
flex Jaryngeal motor activity can be prevented by ad- 
ministration of neuromuscular blocking agents such 
as succinylcholine, which functions at the motor end 
plate. The mediators, however, that elicit or moder- 
ate reflex laryngeal motor activity centrally are poor- 
ly understood. We have previously demonstrated that 
intravenous substance P (SP), a sensory neurotrans- 
mitter, evokes laryngeal motor activity and that the 
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response is particularly pronounced in developing 
animals.* The presence of immunoreactivity to SP 
in the nucleus tractus solitarius (NTS), the sensory 
relay center of the larynx, suggests that this neuropep- 
tide may play a critical role in mediating or modu- 
lating laryngeal reflex activity centrally. 


In dogs, we have shown that SP is a mediator of 
the ELAR and that injection into the region of the 
NTS in developing animals evokes an increase in 
laryngeal adductor and/or tensor activity and cardio- 
vascular changes." In this study, we characterized the 
laryngeal and cardiovascular responses to SP injec- 
tion into the NTS of rats. This model is useful for 
characterizing the neurotransmitters involved in elic- 
iting laryngeal reflex activity and may ultimately re- 
veal targets for pharmacological treatment of life- 
threatening laryngeal reflex disorders. 


MATERIALS AND METHODS 


Studies were completed on 30 Sprague-Dawley 
rats, 101 to 233 days of age (mean, 149 days), with a 
weight of 400 to 600 mg. Twenty-seven rats were 
male. The rats were initially anesthetized with 1.0 
mL/kg of intramuscular ketamine with xylazine (87 
mg/mL and 13 mg/mL, respectively) and then main- 
tained with intravenous o-chloralose (20 mg/kg per 
hour). The rats breathed spontaneously through a tra- 
cheal cannula inserted between the third and fourth 
tracheal rings. Cardiovascular changes were moni- 
tored via a femoral arterial catheter attached to a pres- 
sure transducer. 


Bipolar, stainless steel, hooked wire electrodes 
(0.003-inch-diameter, 1-mm hook) were placed into 
the thyroarytenoid (TA) and cricothyroid (CT) mus- 
cles bilaterally and into the diaphragm (DP). Activ- 
ity from the electromyography (EMG) electrodes and 
pressure transducer were viewed on-line via a com- 


Fig 1. Axial section of rat brain stem at 
caudal level of area postrema after in- 
jection of 10 nL of pontamine sky blue 
into region of nucleus tractus solitarius 
(NTS). Small arrows — tract of inject- 
ing micropipette; large arrow — region 
of pontamine sky blue injection. Note 
“halo effect” of indicating dye. 


puter monitor with data acquisition software (Win- 
daq). Signals were low-pass-filtered at 500 Hz and 
then digitized at a sampling rate of 1 kHz per chan- 
nel and transferred to a magnetic optical disk for sub- 
sequent analysis. 


The animal was placed prone in a stereotactic 
frame (model 1520, Kopf Instruments, Tajunga, Cali- 
fornia) with the head inclined downward 45°. The 
caudal midline cerebellum was gently retracted su- 
periorly through an occipital craniotomy to expose 
the dorsal medulla. The dura was incised, and the 
calamus scriptorius, the point on the dorsal surface 
of the brain stem at which the area postrema ends 
caudally, was used as the zero reference point. 


A 3-barrel glass micropipette (outer diameter, 50 
um) was filled with 3 solutions: 1) a test solution of 
SP (Sigma Chemical, St Louis, Missouri. S6883) in 
0.9 normal saline solution with 1% human albumin, 
titrated to pH 7.4 (15 pmol/20 nL); 2) a control solu- 
tion of artificial cerebrospinal fluid, pH 7.4, or SP 
solvent, pH 7.4; and 3) an indicating dye solution of 
pontamine sky blue or methylene blue diluted in 0.9% 
normal saline solution. 


Twenty nanoliters of SP solution or control solu- 
tion were delivered pneumatically into the region of 
the NTS (Picospritzer, PV 800, World Precision In- 
struments) at the following coordinates from the cal- 
amus scriptorius: anterior-posterior, 0.4 mm; medial- 
lateral, 0.5 mm; and dorsal-ventral, 0.5 mm. 


The order of injection was alternated between the 
left and right brain stem regions and between con- 
trol and test solutions for the animals, and the re- 
sponses were recorded. Glutamate was used in the 
early studies to attempt to localize the injection site 
of interest within the NTS, but the excitatory amino 
acid failed to reliably induce CT or TA EMG activ- 
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CHANGES IN CT AND/OR TA EMG SIGNAL 
FOLLOWING SP INJECTIONS INTO NTS, DMN, OR GR 


Marked Mild No 

Injection Tonic Phasic  Phasic EMG 

Site Increase Increase Increase Silence Change 
NTS f 2 5 1 

(n = 15) 
NTS +DMN 3 2 2 2 

(n — 9) 
NTS + GR 1 2 

(n= 3) 
DMN + NTS 

(n = 10) 


to 
UA, 
— 
t2 


GR 4 


GR + NTS 2 3 

(n = 5) 

Based on diffusion of marking dye, injection sites sometimes over- 
lapped adjacent nuclei. In such cases, both nuclei are listed, and first 
indicates location of central point of dye halo. Changes in laryngeal 
electromyography (EMG) activity ranged from tonic contraction, to 
phasic increase, to complete inhibition of signal. Injections into re- 
gion of nucleus.tractus solitarius (NTS) consistently elicited change 
in laryngeal EMG activity, while injections into nucleus gracilis (GR) 
and dorsal motor nucleus (DMN) did not. CT — cricothyroid muscle; 
TA — thyroarytenoid muscle; SP — substance P. 


ity and was deleted from the protocol. The reason 
for this finding was unclear, but was perhaps due to 
the induction dose of ketamine, a potent N-methyl- 
D-aspartate receptor blocker. 


Some animals required manual resuscitation to 
prevent death from sustained hypotension and/or cen- 
tral apnea induced by injection of SP. 


The injection site of each rat was marked with 10 
nL of pontamine sky blue or methylene blue, and the 
rats were euthanized with intravenous Nembutal (80 
mg/kg; Fig 1). Early attempts at injecting 20 nL of 
indicating dye resulted in extrusion of the dye onto 
the surface of the brain stem — a phenomenon that 
did not occur after injection of the same volume of 
SP or the control solutions. The brain stems were 
immediately harvested upon euthanizing the animals, 
fixed in a solution of formalin (10%) and sucrose 
(25%) for a minimum of 48 hours, and then sectioned 
on a cryostat (40 to 50 um). The injection sites were 
identified on non-counterstained transverse sections 
of the brain. The location of the injected dye was 
used to identify the central point of injection. 


Mean blood pressure (BP) was calculated by av- 
eraging diastolic BP of 3 consecutive waveforms. The 
percent change in mean BP compared to baseline 
measurements (mean baseline BP minus mean nadir 
BP divided by mean baseline BP) was analyzed for 
the various test solutions and injection sites with an 
analysis of variance (ANOVA) and Student's t-test. 


The duration of central apnea was calculated in sec- 
onds from the onset of cessation of DP EMG activ- 
ity to either resumption of DP EMG activity or, in 
some animals, to the start of resuscitation. The dif- 
ference in duration of central apnea in seconds was 
also compared by an ANOVA and Student's t-test. 


. Changes in the CT and TA EMG signals were clas- 
sified as "decreased" or "increased" in comparison 
to the phasic inspiratory activity accompanying DP 
EMG activity during baseline recordings. Increased 
EMG activity was further subdivided into a “phasic 
increase” if CT. and TA EMG activity was present 
during inspiration and absent during expiration, or a 
“tonic increase” if EMG activity was continuous 
throughout multiple inspiratory and expiratory cy- 
cles. Although direct laryngoscopy was not com- 
pleted in these small, prone rodents in the stereotac- 
tic frame, previous studies on dogs and pigs in our 
laboratory confirmed tonic CT and TA EMG activa- 
tion to correlate with visible laryngospasm.!2. 


If responses of the CT and TA muscles varied with- 
in the same animal during a study, the response was 
categorized by the more robust activity observed. For 
example, if an injection induced tonic activity in the 
ipsilateral TA muscle but only a phasic increase in 
the contralateral CT and ipsilateral CT and TA mus- 
cles, the response was categorized as a tonic increase. 


RESULTS 
HISTOLOGIC ANALYSIS OF INJECTION SITES 


Results were assessed in 51 of the potential 60 
studies performed in the 30 animals. In the remain- 
ing 9 studies, either the animals died before the sec- 
ond side was injected or histologic analysis was in- 
adequate to ascertain the site of injection. As is evi- 
dent in Fig 1, the dye volume diffused beyond the 
injection site. The diffusion pattern was spherical, 
extending not only in medial-lateral and dorsal-ven- 
tral directions as shown in Fig 1, but also in a cra- 
nial-caudal direction. The diffusion sphere or “halo” 
of the 10 nL of the marking dye overlapped adjacent 
brain stem nuclei in some cases. Because of this 
spherical diffusion phenomenon, injections in which 
the central point was in the NTS (27) were further 


- subdivided into injections in which the halo was con- 


tained completely within the NTS (15); predominant- 
ly within the NTS but with overflow into the dorsal 
motor nucleus (DMN; 9); or predominantly within 
the NTS but with overflow into the gracilis nucleus 
(GR; 3; see Table). Injections into the DMN (15) and 
the GR (9) were similarly noted and subdivided. 


RESPONSE TO SUBSTANCE P INJECTIONS 


Laryngeal Response. The responses of the adduc- 
tor TA and/or CT muscles to SP injection are sum- 
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marized in the Table. All 27 studies whose central 
point of dye injection was in the NTS demonstrated 
a change in CT and/or TA EMG activity. The EMG 
activity increased in 24 of the 27 studies, and in 3 
studies, the EMG signal ceased. The following pat- 
terns of CT and TA EMG responses were observed: 
tonic increase (Fig 2; n = 11); marked phasic increase 
(Fig 3; n = 4); minimal phasic increase (Fig 4; n = 
9); and EMG silence (n = 3). 


The increase in CT and TA EMG activity was al- 
ways heralded by a brief period of EMG silence (in- 
hibition). 


The laterality of the response of the CT and TA 
muscles to SP injection into the NTS was variable. 


NTS DMN: 2/28/00.2L 
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Fig 2. Response to substance P (SP) in- 
jection into left NTS. Tonic contraction 
of left thyroarytenoid (LTA) and left cri- 
cothyroid (LCT) muscles accompanied 
cessation of electromyography (EMG) 
activity in right thyroarytenoid (RTA) 
and right cricothyroid (RCT) muscles. 
Laryngeal response was accompanied by 
prolonged central apnea, as noted by ab- 
sent diaphragm (DP) EMG signal, and 
marked decrease in blood pressure (BP) 
necessitating animal resuscitation. 


NTS:6/18/00.1L 


esc os 


The ipsilateral CT and TA muscles usually demon- 
strated the greatest increase in EMG activity, but in 
some animals, the response was more pronounced 
in the contralateral CT and TA muscles (Fig 3). Bi- 
lateral responses tended to occur more frequently in 
cases of marked laryngeal responses characterized 
by tonic contraction. Interestingly, the laryngeal ad- 
ductor muscles appeared capable of responding to 
SP injection independently of each other; some ani- 
mals demonstrated excitation in 1 or more muscles 
and inhibition in the remaining muscles (Fig 2). A 
recognizable pattern of laryngeal motor response 
based on order of injection or central site of injec- 
tion within the NTS was not evident, despite an ex- 
haustive analysis of the data. 
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Fig 3. Response to injection of ventral aspect of left NTS and dorsal motor nucleus (DMN). Note brief absence, 
followed by marked tonic increase in RCT, RTA, and LTA EMG activity, and phasic increase in LCT EMG 
activity. BP initially decreased, then rose above baseline BP. 


Bauman et al, Effect on Laryngeal Adduction of Substance P in Nucleus Tractus Solitarius 879 


| NTS:4/9/00.2R MU MEC ear d MS 


- T ea . 
à T = E 1 +: + 
s | 3 i QE. AN NE 
cere m esee Nen inanes ve Rs Borea Ep 
s yin m Sites P rh d P em 
* z Z 3 B 
e Fi E B r -i 
Bi des 2. se ct . Dias T 
IDEE T EE P EE S XELESI I EM S 
* 3 ~ . 
E a 3 $ en 
i e ut T zia 
Bere Sree GO n ER T hp mE sep wpe tether Be 3 
2 ii iis Ur T ei 
. . g * , X 7 
ia: t E E 5. 
= H =. Bic} Š I ai! 1 
z eel CER. de o4. Loose 2c3*- $2 5 
; Tee F 1 
S > : * t 
- T Pere, RN VET EM ar lem Re met 
T ò * T M to. 
* > : 4 
` A ‘ k. 
5 a H ` x O LAEL e: rets oe 
CERI CIIN emm dem metea : we 
: i E H . : : 
t E : i ; 
beep ad pn E ees bere ee em enrnmrm opum 
i H H + 
ave ide 8 i dee asusbes- EE nets 
ETES no oA s m6 dotem RS var - 
> H M à Ra 
H t 1 ^ 3 
wives aziri ai een xus doe ARAB DOE MOLISE 
! i f * x 
a E ^o 4o H ie d 
v ee ere mcns tris Pe tar le ge iid aei erent nad 
ÁÀ—— ar ca e a t eee OR. di KR qr CATH ede 


EUER "Yes 
po 
mem M. boemmgene Potente wenige 
" m —À h 





MA RR Perera oe à islam Aaa deri les JR 
$ 
z -+ E 


Baseline l n 
$ su Substance P. 


Fig 4. Rescues to SP injection into mn NTS. Note ini- 
tial inhibition of all CT and TA EMG activity, followed 
by increase in respiratory rate and mild phasic increase 
in RCT EMG signal. BP decline was moderate. 


Although cardiovascular changes were usually ob- 
served, SP injections that were contained within the 
GR or DMN failed to elicit an increase in CT or TA 
EMG activity in 4 of 4 and 4 of 5 animals, respec- 
tively (Figs 5 and 6). Injection of SP into the region 
of the DMN of the remaining animal caused a brief 
period of silence in CT and TA EMG activity. A 
change in laryngeal adductor EMG activity occurred 
in all animals in which the central point of injection 
was in the NTS, even if the diffusion sphere of the 
dye extended into the DMN or GR. 


Laryngeal responses for injections at the level of 
the area postrema (38/51) were plotted on a trans- 
verse projection of the brain stem (Fig 7). As previ- 
ously noted, the dye diffused in a spherical pattern, 
and only the central points of the diffusion spheres 
are indicated in Fig 7. The CT and TA EMG responses 
to injections rostral to the area postrema (n = 4) and 
caudal to the area postrema (n — 9) are not depicted 
in Fig 7, but did parallel the responses observed for 
the same nuclei at the level of the area postrema. 
The responses at the level of the area postrema and 
depicted in Fig 7 are as follows. Injections in which 
the central point of the dye sphere was contained in 
the NTS consistently elicited a change in laryngeal 
adductor EMG activity. À tonic increase in activity 
was only observed after injections into the NTS. In- 
jections in which the central point of the dye sphere 
was contained within the GR failed to elicit a change 
in CT or TÀ EMG activity, demonstrating neuroana- 
tomic specificity of response. Similarly, injections 
of SP into the DMN did not elicit changes in 4 of 5 
studies in which the injections were in the dorsal as- 
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Fig 5. Response to SP TRUM into left nucleus gracilis 
(Gr). Note absence of change in CT, TA, and DP EMG 
activity. Minimal decline in BP was observed. 


pect and the dye halo was contained within the DMN. 
Injections at the ventral aspect of the DMN with over- 
flow of the dye halo into the NTS, however, did evoke 
changes in CT and/or TA EMG activity in 8 of 10 
studies. 


Apnea Response. Central apnea was inferred from 
the absence of DP EMG activity. The mean duration 
of apnea was greater in animals that received injec- 
tions into the NTS than in those that received injec- 
tions into the DMN (p < .10) or the GR (p < .05; Fig 
8). Resuscitation was required in some of the NTS- 
injected animals, artificially terminating the duration 
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Fig 6. Response to SP injection into left DMN. Note ab- 
sence of change in EMG activity of RTA, RCT, LTA, 
and LCT muscles. BP decrease was minimal. 
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Fig 7. CT and/or TA EMG responses to SP in- 
jections at level of area postrema (AP), plotted 
on transverse schematic projection. Dye dif- 
fused into adjacent tissue in spherical pattern, 
but only central point of injection site is de- 
picted. CT and/or TA EMG responses were vari- 
able, and clear correlation between responses 
and subnucleus of NTS injected was not evi- 
dent. Tonic response was noted for injections 
into NTS, but not for injections into DMN or 
GR. Injections contained entirely within GR 
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of their apnea. The duration of apnea was also ana- 
lyzed for the subsets of animals whose halo of dye 
injection was contained entirely within the NTS, 
DMN, or GR without apparent overlap. Those ani- 
mals that received injections into the NTS (n = 15) 
had significantly longer apnea than those animals that 
received injections into the DMN (n = 5) or GR (n= 
4; 73.8 versus 3.2 versus 0.5 seconds, respectively; 
p< 05), 


The severity of the laryngeal response and the du- 
ration of central apnea did not correlate directly or 
indirectly. Tonic contraction of the CT and TA mus- 
cles occurred in animals with long periods of central 
apnea (Fig 2), as well as in animals with brief peri- 
ods of central apnea (Fig 3). As noted above, the re- 
sponses of the CT and TA muscles and the DP were 
sometimes divergent. In some animals, cessation of 
DP EMG activity was accompanied by cessation of 
CT and TA EMG activity, whereas in other animals, 
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NTS vs GR: p « .05 
NTS vs DMN: p < .10 
DMN vs GR: p < .20 


SD = 67.6 






failed to elicit change in CT and/or TA EMG 
activity. Injections at ventral aspect of DMN 
similarly failed to elicit changes in CT or TA 
EMG activity, but those close to junction of 
DMN and NTS did alter CT and/or TA EMG 
activity. Responses cranial and caudal to AP 
are not depicted here. XII — cranial nerve XII; 
CC — central canal. 


It was accompanied by tonic activity of the muscles, 
as noted m the response tracings. 


Cardiovascular Response. All animals experienced 
a decrease in BP and heart rate after SP injection. 
The decrease was significantly greater in animals that 
received injections into the NTS than in those that 
received injections into the GR or DMN (p « .005; 
Fig 9). 
RESPONSE TO CONTROL INJECTIONS 

Contro! injections of SP vehicle (20 nL; n = 6) 
and of artificial cerebrospinal fluid (20 to 80 nL; n= 
8) into the NTS did not induce a significant change 
in DP activity, CT and TA EMG activity, BP (p » 
.05), or heart rate (p > .05). 


DISCUSSION 
The NTS is located in the medulla oblongata and 
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Fig 8. Comparison of durations of central apnea in sec- 
onds resulting from injections of SP into NTS, DMN, 
and GR. Duration of apnea after injection of NTS tended 
to be longer than that after injection of DMN, and was 
significantly longer than that after injection of GR. Du- 
ration of central apnea from NTS injection was underes- 
timated in animals that required resuscitation. 


Fig 9. Comparison of percent changes in mean diastolic 
BP induced by SP injections into NTS, DMN, and GR. 
Decrease in BP was significantly greater for NTS injec- 
tions. Mean baseline and mean nadir diastolic BPs for 
NTS, DMN, and GR were 113 and 56 mm Hg, 113 and 
88 mm Hg, and 115 and 87 mm Hg, respectively. (See 
Materials and Methods section for formula calculating 
mean BP and percent change in BP.) 
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plays a critical role in maintaining homeostasis and 
in regulating visceral and autonomic activity. The 
NTS is a major site of termination of afferent fibers 
of cranial nerves V, VII, IX, and X.97 The NTS isa 
relay center that receives sensory information from 
these cranial nerves and sends premotor projections 
to other brain stem nuclei to evoke responses in the 
respiratory, gastrointestinal, and cardiovascular sys- 
tems and the larynx. The laryngeal premotor neu- 
rons in the NTS project to motor neurons in the nu- 
cleus ambiguus that induce laryngeal motor activ- 
jty.5? 


The neurons of the NTS are topographically ar- 
ranged in a cranial-caudal direction such that the re- 
gions related to gustatory function are located ros- 
trally and the regions related to pharyngeal, laryn- 
geal, respiratory, cardiovascular, and gastrointesti- 
nal activities are sequentially represented more cau- 
dally.919 The NTS is further subdivided into 9 sub- 
nuclei whose individual functions remain to be clear- 
ly elucidated. Future studies may delineate which 
subnucleus or subnuclei predominate in regulating 
laryngeal motor activity. 


Although more than 25 neurotransmitters and neu- 
ropeptides have been identified in the NTS, SP is 
one of the neuropeptides found most frequently, and 
it is thought to be predominantly vagal in origin.!!+!2 
Substance P is a member of the family of tachykinins, 
a group of biologically active peptides, and it medi- 
ates the transfer of sensory information from the pe- 
riphery to the central nervous system. 


Application of methylene blue and pontamine sky 
blue to the brain stem injection sites allowed us to 
determine the central point of injection postmortem. 
Unfortunatelv, the spherical diffusion pattern of the 
dye cannot be used to predict the diffusion pattern of 
SP or the control solutions, as each has a different 
hydrophilicity and interaction property with the tis- 
sue of the NTS. Additionally, only 10 nL of indicat- 
ing dye was injected, while 20 nL of SP was injected. 
Despite these differences in methodology, we noted 
that all injections of SP in which the central portion 
was contained within the NTS elicited changes in 
the CT and TA EMG activity. Injections of SP in 
which the dye sphere was completely contained with- 
in the GR or DMN failed to elicit a change in laryn- 
geal activity in 8 of 9 animals and produced only a 
brief period of silence in CT and TA EMG activity 
in the ninth animal, confirming that these nuclei are 
not integral to regulating SP-mediated CT and TA 
EMG activity. The DMN contains premotor neurons 
that predominantly innervate the smooth muscle of 
the lower esophageal sphincter and the stomach,}3 
while the GR receives afferent input from the abdom- 


inal viscera and hindlimbs of rats.!2 


A change in CT and TA EMG activity was noted 
for injections of SP in which the central point was at 
the ventral aspect of the DMN and in which the halo 
of dye extended into the NTS. The changes paral- 
leled those seen for injections into the NTS and are 
likely explained by diffusion or extension of the SP 
into the NTS. 


We chose to monitor EMG activity of the CT and 
TA muscles of the larynx because these muscles are 
easily accessible in the small rat larynx. The CT and 
TA muscles actually play a more important role in 
tensing the vocal cords than in adducting them. Nev- 
ertheless, we have consistently observed in dogs and 
pigs that visible laryngospasm is accompanied by 
tonic EMG activity of both the TA and CT mus- 
cles.1.25 We believe that these muscles are activated 
in concert with the interarytenoid and lateral crico- 
arytenoid muscles — the primary adductor muscles 
of the larynx. In support of this belief, reflex laryn- 
geal closure during Valsalva maneuvers in humans 
has shown that the TA muscle and the interarytenoid 
muscle are activated in concert with each other.!4 
Similarly, activity of the CT and TA muscles paral- 
lels that of the interarytenoid and lateral cricoaryte- 
noid muscles during acts of phonation and swallow- 
ing.!? It is thus likely that the adductor and tensor 
muscles of the larynx act in concert with each other 
during periods of reflex laryngeal closure. 


Activities of the laryngeal CT and TA muscles and 


the DP are closely linked during quiet respiration, 


but it is apparent from this study that the two sys- 
tems can respond divergently to the same sensory 
stimulus. Injection of SP into the NTS consistently 
inhibited respiratory activity (absent DP EMG sig- 
nal), while sometimes causing inhibition and at other 
times causing excitation of CT and TA EMG activity 
(Fig 4 versus Fig 2). The response patterns did not 
correlate with the order of injection or the side of 
injection. These divergent responses to sensory stim- 
ulation are in contrast to the coordinated, simultane- 
ous activity of the CT, TA, and DP muscles observed 
in all animals during baseline recordings. 


Other investigators have demonstrated that stim- 
ulation of the DMN caudal to the fourth ventricle 
causes relaxation of the lower esophageal sphincter, 
while stimulation rostrally causes contraction.16 The 
relatively large diffusion pattern of the dye prevented 
us from determining whether a similar rostral-cau- 
dal correlation exists for laryngeal activity. 


The information in this study raises interesting 
clinical considerations with regard to intraoperative | 
or postoperative “laryngospasm,” a phenomenon well 
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recognized by surgeons and anesthetists. This phe- 
nomenon appears to occur in some patients who re- 
ceive a sensory stimulus while under a light plane of 
anesthesia. The inciting stimulus may be clearly evi- 
dent, such as abruptly moving a patient, or merely 
presumed, such as pooling of secretions on the la- 
ryngeal mucosa. The ensuing vocal cord adduction 
causes complete upper airway obstruction and even- 
tual hypoxemia. Mask ventilation is impossible un- 
til the vocal cords spontaneously relax or are phar- 
macologically relaxed by administration of a neuro- 
muscular blocking agent. 


Our clinical experience suggests that a large num- 
ber of patients receive sensory stimulation while 
emerging from general anesthesia, particularly after 
undergoing procedures on the upper airway, but only 
a small number of patients subsequently develop la- 
ryngospasm. This variable predilection parallels the 
variable response seen in the rats in this study. Where- 
as some animals developed life-threatening, pro- 
longed activation of the CT and TA muscles in re- 
sponse to SP NTS injection, other animals developed 
only a phasic increase in adductor-tensor activity. Per- 
haps a sensory stimulus in humans under general an- 
esthesia results in a release of SP from sensory nerves 
terminating in the NTS that evokes a spectrum of 
laryngeal responses ranging from brief inhibition of 
adductor-tensor activity to prolonged tonic activity. 


We cannot exclude that variables in the experi- 
mental design accounted for the variable CT and TA 
EMG response patterns observed in the animals. The 
injections were not confined to a particular subnu- 
cleus of the NTS, and much diffusion of the SP to 
adjacent subnuclei did occur. Although any poten- 
tial effect of ketamine and xylazine should have 
waned by the time the animals were ready for the 
brain stem injections, subtle variations in the plane 
of anesthesia maintained with o-chloralose may have 
affected laryngeal activity. 


The tendency of laryngospasm and other life- 
threatening laryngeal reflex responses to occur far 
more frequently in pediatric patients than in adult 
patients may reflect developmental changes in sen- 
sitivity to SP in the central sensory pathways of the 
larynx. Histologic studies have shown greater SP im- 


munoreactivity and SP receptors (NK 1) in the NTS 
of young rats as compared to aged rats, and injection 
of SP results in greater changes in tidal volume and 
minute ventilation in younger animals.!? Indeed, we 
have observed that developing puppies are more 
prone to experience life-threatening laryngospasm 
induced by distal esophageal sensory nerve stimula- 
tion than are adult dogs.! 


Injection of SP into the NTS induced a significant 
decrease in systemic BP. This finding is in agree- 
ment with some studies!? but in contradistinction to 
other studies, which have shown no change in BP 
following SP injection.!?29 The reason for these di- 
vergent responses is unknown, but is perhaps related 
to variation in use of anesthesia or to subtle and un- 
recognized differences in the sites of injection. We 
did not use halothane, which has been found to mod- 
ify central reflex activity arising from the NTS.2! Al- 
though apnea could have contributed to hypotension 
in some animals, there was no clear correlation be- 
tween the two, and hypotension occurred in some 
animals that did not develop apnea. 


Pretreatment of ferrets with an SP antagonist abol- 
ishes morphine-induced emesis; this finding suggests 
clinical implications for pharmacological blockade 
of the NK 1 receptors.?? Such pharmacological block- 
ade may ultimately also prove useful for manage- 
ment of pediatric patients prone to laryngospasm and 
of infants with life-threatening laryngeal reflex ac- 
tivity. 


SUMMARY 


l. Cricothyroid and TA EMG activity responses 
can be evoked in rats by injection of the sensory neu- 
rotransmitter SP into the NTS. 


2. Injection of SP into the rat NTS evokes a vari- 
able response in laryngeal motor activity, ranging 
from inhibition (apnea) to tonic contraction (laryn- 
gospasm). 


3. Although EMG activity of the DP and that of 
the CT and TA muscles are linked during quiet res- 
piration, SP application to the NTS region sometimes 
causes divergent responses in the systems, ranging 
from inhibition to excitation. 
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TREATMENT OF VOCAL FOLD SCARRING: RHEOLOGICAL AND 
HISTOLOGICAL MEASURES OF HOMOLOGOUS COLLAGEN MATRIX 
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The current treatment options for dysphonia secondary to vocal fold scarring are limited. Few studies address changes in the 
lamina propria, which is critical to vocal fold biomechanical properties and voice production. Using rheological and histological 
measures of homologous collagen matrix (HCM )-injected vocal folds, we assessed HCM 's potential for providing bulk and restor- 
ing biomechanical performance. Twenty rabbits underwent bilateral vocal fold scarring. After 10 weeks of scar maturation, the 
rabbits had unilateral injections of HCM or saline solution. Ten weeks after the injections, histological studies revealed well-defined 
collagen globules distributed throughout the lamina propria and underlying muscular tissue. Significantly more procollagen was 
observed in the HCM-treated group. No significant differences in elastic shear modulus or dynamic viscosity were found between 
the treatment groups. This study demonstrates that HCM is an inert, relatively stable injectate that may serve well for medialization 


but does not appear to improve the dynamic properties of the lamina propria. 


KEY WORDS — collagen, dynamic viscosity, larynx, procollagen, rabbit. scar, shear modulus, vocal fold. 


INTRODUCTION 


Vocal fold scarring is a problem that results in dys- 
phonia and can have a significant negative impact 
on quality of life. Various mechanisms of laryngeal 
injury can lead to vocal fold scarring, including trau- 
ma, phonosurgery, radiotherapy, inflammatory pro- 
cesses, and injury related to endotracheal intubation. 
Many substances and techniques have been devised 
to address this problem, ranging from synthetics to 
various bioimplantable materials.!-? Synthetic sub- 
stances such as Teflon and gelatin have been used to 
achieve favorable short-term results,' ^? but their use 
has been plagued by long-term negative effects, in- 
cluding foreign body reaction, granuloma formation, 
and extrusion.? More recently, biological implant- 
ables such as autologous fat and collagen have been 
used with promising results.^?.7^* Each material has 
unique handling properties, as well as distinct advan- 
tages and disadvantages. 


Autologous fat is easily harvested from the abdo- 
men and can be processed on the surgical field. The 








short-term results for medialization, as well as treat- 
ment of mucosal injury, have been encouraging,5? 
but the long-term survival of fat grafts has been ques- 
tioned.!^ Bovine dermal (heterologous) collagen was 
developed as an early alternative to synthetic materi- 
als, but concern over immunologic reaction has lim- 
ited its use. Autologous collagen harvested from the 
patient's abdominal skin avoids immunologic risk and 
promises greater longevity than fat.!!-!2 However, the 
current method for obtaining and processing this 
material is time-consuming and costly. Homologous 
collagen matrix (HCM) is a stable, nonimmunogenic 
substance with promising applications for treatment 
of vocal fold scarring (Collagenesis, Inc, Beverly, 
Massachusetts). Obtained from a cadaveric dermal 
source, it is processed to render it an acellular, puri- 
fied, collagen matrix. It is easily stored and can be 
uniformly and precisely injected through a 27-gauge 
needle. The current study is designed to evaluate 
HCM as a novel injectate for the scarred vocal fold. 


In the present study, we used a rabbit model that 
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Fig 1. Examples of rabbit vocal folds A) after bilateral scarring procedures and B) immediately after injection of homologous 


collagen matrix (HCM) into left vocal fold. 


in prior work was used to examine the scarred vocal 
fold relative to native vocal folds.!? Rabbit HCM was 
specially prepared with the protocol used to produce 
human HCM. To assess the in vivo performance of 
the HCM, we obtained data pertaining to the visco- 
elastic properties of HCM-injected scarred vocal 
folds. No study to date has assessed the in vivo bio- 
mechanical properties after treatment for scarring. 
To assess the fate of the injected HCM, we performed 
histological and immunohistochemical stains. 


MATERIALS AND METHODS 


HCM Processing and Production. Injectable col- 
lagen samples were prepared from New Zealand 
White rabbit dermis by Collagenesis, Inc, by a pro- 
tocol similar to that used in the production of human 
Dermalogen, which is an injectable donor collagen 
implant. Briefly, this procedure involved soaking the 
rabbit pelt in 7096 reagent alcohol for 10 minutes 
and then placing it in a sodium chloride solution (ef- 
fectively aiding in removal of the epidermal layer of 
skin) for 24 hours at 4?C. The pelt was removed and 
washed 4 times with water. The fur and epidermis 
were scraped off to leave dermis, which was virally 
inactivated by soaking it in an alkaline solution (pH 
» 12) for 1 hour and washing it 3 times with neutral 
phosphate buffer followed by an acid soak (pH « 
2.5) for 1 hour. The acid was neutralized, and the der- 
mis was decanted and frozen in liquid nitrogen. The 
frozen dermis was milled into a granular powder (par- 
ticle size > 500 um) and resuspended in phosphate 
buffer pH 9. The dermal suspension was dispersed 
with the aid of an acylating agent by extrusion through 
a macerator. The macerated dermal dispersion was 


centrifuged, and the supernatant was decanted. The 
top layer of the precipitate was removed and saved. 
The precipitate was resuspended in phosphate buffer 
and centrifuged again. The supernatant was decanted, 
and the top layer of the precipitate was removed and 
combined with the first saved precipitate. The mixed 
precipitate containing dispersed dermal matrix was 
suspended in 70% reagent alcohol overnight. The fol- 
lowing day, the solution was centrifuged and the al- 
cohol was decanted. The precipitate was washed 3 
times with 0.004 mol/L phosphate buffer + 2% glyc- 
erol, with centrifuging after each wash. The final ma- 
trix dispersion was thoroughly mixed with a static 
mixer and then placed in a syringe. The final disper- 
sion contained a suspension of intact collagen fibrils, 
elastic fibers, proteoglycans, and adhesive glycopro- 
teins. The collagen concentration ranged from 15 to 
30 mg/mL. The pH ranged from 7.0 to 7.6 


Surgical Scarring Technique. Twenty adult New 
Zealand White rabbits were anesthetized by means 
of an intramuscular dose of ketamine hydrochloride 
(40 mg/kg) and xylazine hydrochloride (5 mg/kg). 
Topical lidocaine spray was used to decrease laryn- 
geal excitability before direct laryngoscopy with à 
neonatal laryngoscope (Pilling Co, Fort Washington, 
Pennsylvania). Before suspension of the laryngo- 
scope, adequate exposure of the glottis was obtained. 
Two-millimeter microcup forceps (Microfrance, 
Montreal, Canada) were used to perform uniform bi- 
lateral vocal fold stripping under direct vision, yield- 
ing 40 scarred vocal folds. 


Injection Technique. Ten weeks after scar forma- 
tion (Fig 1A) by the above-described laryngoscopic 
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Fig 2. Trichrome-stained sections of HCM (original x10). A) In superficial and intermediate layers of vocal fold. B) In deep 


layer of vocal fold. 


suspension technique, 10 rabbits underwent injec- 
tion of 0.18 mL of HCM through a 27-gauge needle 
into the left vocal fold. The remaining 10 rabbits un- 
derwent "sham surgical" injection of 0.18 mL of ster- 
ile saline solution to the left side. Injections were 
made into the more superficial layers of the lamina 
propria. Figure 1 B demonstrates the appearance of a 
vocal fold immediately following HCM injection. Vi- 
sualization of the injected HCM demonstrated dis- 


placement of the medial edge of the vocal fold. Of 


note, | rabbit died of myocardial infarction 2 days 
after injection. 


Harvesting Larynges. Ten weeks after injection, 
all rabbits were euthanized with an intravenous in- 
jection of Beuthanasia (0.22 mL) after induction of 
anesthesia as described above. The larynges were har- 
vested immediately after death. The larynges to be 
used for rheological analysis were immediately fro- 
zen in liquid nitrogen and stored at —80°C; the la- 
rynges to be used for histological analysis were placed 
in 10% formaldehyde. 


Rheological Measurements of Viscoelastic Prop- 
erties. The linear viscoelastic shear properties of vari- 
ous materials have been well studied by Chan and 
Titze.!^-!7 By this method, a rheometer (Bohlin CS- 
50 Rheometer; Bohlin Instruments Inc, Cranbury, 
New Jersey) was used to measure elastic shear modu- 
lus (G) and dynamic viscosity (n^ as a function of 
oscillatory frequency (0.01 to 15 Hz). The above rhe- 
ometer uses a parallel-plate configuration with a sta- 
tionary lower plate offset by a 0.3-mm gap from a 
rotating upper plate. In this study, samples of lamina 
propria tissue were dissected from 18 vocal folds (6 
saline-treated, 6 HCM-treated, and 6 with no treat- 
ment). Each sample placed between the plates was 
subjected to a sinusoidal shear stress at small ampli- 


tude. A transducer measured the resultant shear strain, 
allowing for computations of elastic shear modulus 
(G') and dynamic viscosity (1 ) of the samples. Elas- 
tic shear modulus represents a measure of the mate- 
rial's stiffness in shear, and dynamic viscosity is the 
measure of a material's resistance to shear flow. 

Histological Measurements. Twenty vocal folds 
removed trom larynges after formaldehyde fixation 
were processed, paraffin-embedded, and cut into 5- 
um-thick sections (Leica 2135 microtome, Leica, 
Boston, Massachusetts). The collagen content was 
assessed with a trichrome stain. Procollagen I was 
assessed by an immunohistochemical method with 
monoclonal antibodies (SO1.D8, Hybridoma Bank, 
Iowa City, Iowa). Rabbit mitral valve tissue served 
as the control. Image analysis was completed for pro- 
collagen | with a Nikon Eclipse E600 microscope 
(Nikon, Melville, New York), a Pixera color camera 
(Pixera, Los Gatos, California), and Metamorph Im- 
age Analvsis Software (Universal Imaging, West 
Chester, Pennsylvania). The intensity of procollagen 
| was measured in the lamina propria at 20x magni- 
fication; the measurement started at the superficial 
layer and progressed to thyroarytenoid muscle. Nor- 
malization of image intensity was completed for vo- 
cal folds of different thicknesses. 


RESULTS 


Histological Analysis. The HCM was clearly iden- 
tified in all injected vocal folds via trichrome stain- 
ing. Interestingly, HCM was found in all layers of 
the vocal fold in discrete globules (Fig 2). There was 
minimal to absent inflammatory reaction surround- 
ing the HCM globules, with a paucity of identifiable 
lymphocytes. The HCM did not appear to incorpo- 
rate into the surrounding tissue, regardless of in which 
layer it was found. Little to no cellularity was noted 
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Fig 3. Graphs of À) elastic shear modulus (stiffness; G) and B) dynamic viscosity (n) of HCM-treated, saline-treated, and 
untreated groups, as function of oscillatory frequency of rheometer. 


within the HCM injectate, indicating minimal in- 
growth of surrounding cells despite the matrix com- 
position of the injectate. 


The intensity level of procollagen I was measured 
in 5 HCM-treated and 5 saline-treated larynges. Pro- 
collagen I was found to be distributed throughout 
the superficial and intermediate layers of the lamina 
propria. The average intensity levels from these 2 
groups were compared by use of a t-test from SAS 
Proc Univariate (SAS Institute Inc, Cary, North Caro- 
lina). There was a statistically significant difference 
between the groups (p = .0153), indicating an increase 
in procollagen I in the HCM-treated group. 


Rheological Analysis. The data were analyzed with 


a multivariate repeated-measures analysis of covari- 


ance assuming a first-order autoregréssive error struc- 
ture within a subject. Estimation was performed with 
the SAS software procedure Proc Mixed (SAS Insti- 
tute Inc). The independent variables were log fre- 
quency and treatment groups (untreated, saline- 
treated, and HMC-treated). Both elastic shear modu- 
lus and dynamic viscosity were first-log transformed 
to better meet the assumptions of analysis of covari- 
ance. Figure 3A shows the elastic shear modulus of 
tissue samples from the 3 treatment groups as a func- 
tion of oscillation frequency on a log-log scale. Large 
inter-rabbit differences in tissue stiffness can be ob- 
served — as much as 2 orders of magnitude. For log 
elasticity, the difference between the data for the 3 
groups when exponentiated indicated no significant 
difference (p = .87). Figure 3B shows the dynamic 
viscosity of the samples from the 3 groups as a func- 
tion of frequency. Large inter-rabbit differences in 
tissue viscosity were again evident. For log viscos- 
ity, the difference between the group data when ex- 
ponentiated also indicated no significant difference 
(p = .90). 
DISCUSSION 


There has been extensive work in the literature de- 


voted to treating vocal fold scarring with various bio- 
implantable materials. Prior work has also addressed 
the viscoelastic differences between normal vocal fold 
tissue and scarred vocal folds.!? In choosing a mate- 
rial for vocal fold implantation or injection, the prop- 
erties considered most often are ease of handling, 
precision of injection, immunogenicity of the mate- 
rial, and stability of the implant. Most important, the 
in vivo performance of an ideal substance should 
closely match the viscoelastic properties of the na- 
tive vocal fold mucosa, and ideally should restore a 
normal mucosal wave. Work has been performed 
quantifying the in vitro dynamic viscosity and elas- 
tic shear modulus of many substances.14-!7 However, 
the in vivo performance of bioinjectables has not been 
studied. In this study, we have measured the visco- 
elastic and histological properties of HCM, a novel 
bioinjectate, after injection into the scarred rabbit vo- 
cal fold. 


The rabbit vocal fold has been studied and has an 
ultrastructure similar to that of the human vocal 
fold.!3.!18 Scarring induces changes in the ultrastruc- 
ture of the lamina propria characterized by increased 
rates of procollagen production.!? Phonosurgical 
treatment methods have historically focused on ad- 
dressing 2 aspects particular to the scarred vocal fold: 
medialization of the stiffened fold and restoration of 
the altered biomechanical properties of the lamina 
propria. Medialization is often seen as a secondary 
goal, addressing glottic insufficiency, with the pri- 
mary objective being restoration of an adequate mu- 
cosal wave. . 


The histological results pertaining to collagen dis- 
tribution revealed that the injected collagen matrix 
distributes randomly and widely within the various 
layers of the vocal fold. Although HCM is very eas- 
ily injected through a 27-gauge needle, only a por- 
tion of the material remains in place in the target site, 
the superficial Jamina propria. This variable distri- 
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bution is likely related to changes that have occurred 
in the vocal fold structure because of scarring, as well 
as the inaccuracies inherent in injecting an area as 
small as the rabbit vocal fold. (The thickness of the 
superficial lamina propria is approximately | mm.) 
Figure 2 reveals that the HCM is deposited in large, 
discrete globules that are easily differentiated from 
the native collagen. 


Analysis of the HCM and the tissue immediately 
surrounding the globules reveals minimal influx of 
inflammatory cells. One would expect some reac- 
tion to the injection of a foreign substance in the vocal 
fold, and the typical scar remodeling process involves 
an influx of fibroblasts and macrophages. However, 
it is clear that the area around the HCM shows sparse 
inflammatory cells or other changes. This apparently 
low-level immunogenic reaction confirms the con- 
cept that an acellular, homologous tissue scurce of- 
fers distinct advantages over certain other bioimplant 
options. 


Prior research has shown that procollagen forma- 
tion increases with injury.!? Procollagen, secreted by 
fibroblasts into the extracellular matrix of tae vocal 
fold, undergoes cleavage of the N terminal and C 
terminal segments, which eventually polymerize into 
collagen fibrils. The significantly higher procollagen 
quantities found in our study suggest that injection 
of HCM stimulates procollagen formation in the in- 
jured vocal fold. Fibroblast influx related solely to 
the physical injection cannot account for the increase, 
as the saline control group did not show an increase. 
These results suggest that the HCM-injected vocal 
fold undergoes more intense remodeling, but not at 
the expense of increased immunogenicity or inflam- 
matory response. The procollagen results suggest that 
over time, as HCM is resorbed, newly formed col- 
lagen could provide volumetric filling withir the lay- 
ers of the vocal fold. This is a novel finding, and 
further study of this aspect of HCM injection should 
be investigated. In the future, studies observing long- 
er postinjection intervals may elucidate the effects 
of the heightened remodeling response. 


Previous rheological work established that the elas- 
tic shear modulus (stiffness) and dynamic viscosity 
are significantly higher in scarred vocal folds than 
in normal controls.!? In the current study, the visco- 
elastic results are characterized by wide inter-rabbit 
variation in the HCM group, with no significant sta- 
tistical difference between the HCM and saline con- 
trol groups. One explanation for the wide variability 
is that HCM ended up being distributed within so 
many different levels of the vocal fold, from the lam- 
ina propria to the underlying vocalis musculature. 
The heterogeneity of the HCM-injected vocal fold 
most likely led to a wide standard deviation of vis- 
cosities between samples. Saline solution, once in- 
jected, is likely quickly resorbed, causing little change 
in the vocal fold. This lack of change is reflected in 
the narrow variability between saline-injected sam- 
ples. Future work determining whether the HCM 
could be more precisely delivered to the superficial 
lamina propria could elucidate the in vivo biome- 
chanical effects of this material more completely. Ad- 
ditionally, studying a larger number of animals may 
increase the statistical power and could demonstrate 
clearer differences between treatment groups. 


CONCLUSIONS 


The current study demonstrates that HCM is a rela- 
tively stable, minimally immunogenic material that 
may be used to address the difficult problem of the 
scarred vocal fold. The histological appearance sug- 
gests that HCM elicits very little inflammatory re- 
sponse and may be a safer, longer-lasting solution 
than other bioimplantable materials. It is relatively 
easy to handle and inject, although, as with all other 
materials, there is variability to the final location of 
the injectate. New collagen synthesis is stimulated 
in response to injection of HCM, as evidenced by 
augmented procollagen formation. The HCM was not 
shown to improve the biomechanical properties of 
the scarred vocal fold. According to these findings, 
HCM may be more appropriately used to medialize 
a stiffened scarred vocal fold that is contributing to 
glottic insufficiency, rather than to restore optimal 
viscoelastic properties of a deficient lamina propria. 
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COCHLEAR IMPLANTATION IN THE ELDERLY: RESULTS AND 
QUALITY-OF-LIFE ASSESSMENT 
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SAMUEL C. LEVINE, MD 


MINNEAPOLIS, MINNESOTA 


To assess the efficacy, quality of life, and complication rate of cochlear implantation in patients over 60 years of age, we 
performed a retrospective chart review of 31 cochlear implant patients more than 60 years old at the time of surgery (mean, 70 years; 
range, 62 to 86 years). All patients had improvement in their audiological test results after operation. Twenty-eight patients (93%) are 
regular implant users at a median follow-up of 12 months. Major complications occurred in 2 patients (6%). We conclude that 
cochlear implantation in the elderly population has excellent results, with a complication rate similar to that in patients less than 60 


years old, and yields an improved quality of life. 
KEY WORDS — cochlear implant, elderly, quality of life. 
INTRODUCTION 


Although other factors that vary with age may play 
a role in some of the hearing loss in the elderly, it 
has been shown that age-related degenerative changes 
occur in the auditory pathways. This evidence, 
along with the high cost of cochlear implantation, has 
brought into question the utility of cochlear implants 
in older people. Several studies have examined the 
role of cochlear implantation in the older popula- 
tion.^-!! These have differed in their inclusion crite- 
ria of patients in the elderly group and their methods 
of assessing the benefits to the patient. One report" 
has examined cochlear implantation in patients older 
than 55 years, 1 report? in those older than 60 years, 
and 3 reports?-!! in those 65 years and above. All of 
these studies have concluded that elderly patients 
have improved hearing results after implantation. 


Horn et al? used a questionnaire to evaluate the 
preoperative history, ease of use of the device, bene- 
fit to the patient’s daily activities, and quality of life. 
Kelsall et alë used an abbreviated version of the ques- 
tionnaire developed by Horn et al to evaluate this 
group of patients. These studies have examined the 
quality-of-life issues in these patients and compared 
the results of audiological tests to those of a matched 
group of younger adult cochlear implant patients. No 
study has compared the quality of life of the elderly 
patients with cochlear implants to that of those be- 
low the age of 60 years. In our study, we set out to 
evaluate the role of cochlear implantation in the el- 
derly by examining their audiological test results and 
their quality of life. To assess their quality of life, 
we used a modified version of the questionnaire of 


Horn et al and compared the results with those of a 
group of patients under 60 years old with cochlear 
implantation matched for duration of hearing loss at 
our institution. We also tried to find out whether the 
type of cochlear implant affects the audiological re- 
sults or the quality of life in elderly patients. 


METHODS 


Of the 130 patients who have undergone cochlear 
implantation at University Hospital in the past 13 
years, 94 have been postlingually, profoundly hear- 
ing-impaired adults. For the definition of our elderly 
population, we chose patients older than 60 years, 
because 60 is an average of the previous reports. The 
average (*SD) age at the time of implantation for 
the entire cohort was 52 + 2.5 years (range, 18 to 86 
years). At the time of implantation, 61 (65%) were 
between the ages of 18 and 59 years (average, 42 + 
2.5 years) and 33 (35%) were older than 60 years 
(average, 70 + 2.5 years; range, 62 to 86 years). Of 
the 33 patients in the group older than 60 years of 
age, 25 received the Nucleus device and 8 had a 
Clarion implant placed. 


Each patient in this study underwent extensive pre- 
operative medical, audiological, and psychological 
testing to assess his or her candidacy for implanta- 
tion. The preoperative and postoperative audiologi- 
cal evaluations included a cochlear implant testing 
battery. In addition to pure tone audiometry, speech 
recognition was assessed by the 4-choice spondee 
test, CID sentences, monosyllabic words, and NU-6 
words. Phonemic perception was assessed with me- 
dial consonants and vowels. The CID sentences with 
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. How long have you had a hearing loss? years 


months? 


. How long were you unable to use a regular telephone with a hearing aid before cochlear 


implantation? 


years months? 


. What was the cause of your hearing loss? 


. Do you have any hearing in the ear that was not implanted? 
. Do you use a hearing aid on the ear that was not implanted? 


Yes/No 
Yes/No 


. How long has it been since the date of your cochlear implantation years 


months? 


. How old were you at the time of the cochlear implantation? Years 
. How long did you wear a hearing aid on the ear that was implanted before getting the 


implantation ? 


years months? 


. On the average, how many hours per day do you use your cochlear implant? hours 
. Do you have difficulty placing the headset or magnet, 


changing the batteries, or operating the speech processor? 
. Can you tell the difference between a human voice and an environmental sound? 
. Can you tell the difference between a man's voice and a woman's voice? 
. Can you understand some words without the use of lip reading? 


Yes/No 
Yes/No 
Yes/No 
Yes/No 


. On the telephone, can you recognize a 


Fig 1. Cochlear implant questionnaire. 


. Can you talk on the phone using a simple code such as "yes, yes” and "no"? 
. Have you increased your social activities since implantation? 

. Has.the quality or loudness of your own voice improved since implantation? 
. In general, has your "quality of life" improved since implantation? 

. Has your confidence improved since implantation? 


Dial tone Yes/No 
Busy signal Yes/No 
Voice Yes/No 
Yes/No 
Yes/No 
Yes/No 
Yes/No 
Yes/No 


. Please circle the word that best describes your use of the speech processor in the following 


conditions: 

At home: 
Excellent 

At work: 
Excellent 


Very good 


Very good 


Good Fair Poor No use 


Good Fair Poor No use 


During social activities: 


Excellent 
In quiet: 
Excellent 
In noise: 
Excellent 


Very good 
Very good 


Very good 


Good Fair Poor No use 
Good Fair Poor No use 


Good Fair Poor No use 


21. Would you recommend a cochlear implant to a friend 
who 1s severely hearing impaired? 

22. Knowing what you know now, if you could start over again, 
would you choose to go through cochlear implantation? 


and without lipreading were used to evaluate lipread- 


ing skills. Postoperative testing was performed ev- 


ery 3 months for the first year of follow-up, every 6 
months for the second year of follow-up, and yearly 
thereafter. The preoperative psychological evaluation 
included neuropsychological consultation and admin- 
istration of the Beck Depression Inventory (BDD. The 
BDI is a questionnaire that screens for depressive 
symptoms.!2 


A 22-item questionnaire was mailed to all 94 adult 
cochlear implant recipients (Fig 1). The survey is a 
modified version of the questionnaire first developed 
by Horn et al.? The questionnaire was developed to 
assess preimplantation history and postimplantation 
implant use, communication, and quality of life. All 
questionnaires returned within 6 months were used. 
The returned questionnaires were then analyzed ac- 
cording to the aforementioned patient populations. 


To compare the complication rates in the two pa- 
tient populations, we divided the medical and surgi- 


Yes/No 


Yes/No 





cal complications into major and minor. Major com- 
plications are defined as those necessitating rehospi- 
talization for medical management, explantation of 
the device, surgical reexploration, or any degree of 
facial paralysis, permanent or temporary. Minor com- 
plications are those that required only local care and 
reprogramming of the speech processor. 


Analysis for comparing preoperative and postop- 
erative results was performed with a paired t-test. 
Student's t-test was used to compare the means be- 
tween the elderly and nonelderly groups. A Y? test, 
and when appropriate, Fisher's exact test, was used 
for comparing proportions. All statistical tests were 
performed with SAS software (Statistical Analysis 
Systems, Raleigh, North Carolina). 


RESULTS 


Audiological. The mean postimplantation follow- 
up was 12 +4 months for patients more than 60 years 
old and 14 + 3 months for patients 18 to 59 years of 
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% correct 





Fig 2. Preoperative and postoperative audiological test- 
ing in cochlear implant recipients more than 60 years 
old. LR — lipreading. 


age. The mean pure tone average in the elderly popu- 
lation was 100 dB (range, 90 to 100 dB) before im- 
plantation, and improved to a mean of 37 dB (range, 
5 to 60 dB) after implantation (p « .0001). The post- 
operative improvement of 4-choice spondee, vowel, 
medial consonant, NU-6 words, CID sentences, 
monosyllabic words, and lipreading with sound tests 
for the elderly population were all statistically signif- 
icant and are presented in Fig 2. The mean postop- 
erative improvement for the elderly group in 4-choice 
spondee scores was 26% (p « .001), in vowel scores 
was 31% (p « .001), in medial consonants was 15% 
(p 7.0148), in NU-6 words was 17% (p = .004), in 
CID sentence scores was 40% (p < .0001), in mono- 
syllabic words was 26% (p « .0001), and in lipread- 
ing with sound was 17.8% (p = .042). The average 
improvement in postoperative lipreading without 
sound was 3%, which was not statistically signifi- 
cant (p = .64). 


A comparison of the preoperative and postopera- 
tive improvements in audiological testing between 
the elderly patients and those adult patients less than 
60 years of age is presented in Table | and Fig 3. 
There were no statistically significant differences in 
improvements between the two patient populations 


TABLE 1. MEAN PERCENTAGES IN IMPROVEMENT IN 
AUDIOLOGICAL TESTING IN ADULT COCHLEAR 
IMPLANT PATIENTS 


>60 Years 18-39 Years 























Old Old p 
Four-choice spondee 26 40 .0797 
Vowel 31 40 3118 
Medial consonants 15 25 1961 
NU-6 words 17 20 .9788 
CID sentences 40 49 .343] 
Monosyllabic words 26 29 6572 
Lipreading only 3 5 .768] 
Lipreading + sound 18 37 .0337 
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Fig 3. Postoperative improvement in percent on audio- 
logical testing in adult cochlear implant patients. 


on any audiological test. The postoperative pure tone 
averages were 37 and 36 dB for patients more than 
60 and those less than 60 years of age, respectively. 
This difference was not significant (p = .6238). In 
the elderly group, the type of cochlear implant, Nu- 
cleus versus Clarion, did not make a difference in 
the results in the entire audiometric battery. The pre- 
operative neuropsychological consultation and BDI 
administration revealed no statistical difference in 
BDI scores in the two patient populations. The mean 
BDI scores were 8.6 (range, 2 to 26) for the elderly 
patients and 6.5 (range, 0 to 18) for those adult pa- 
tients less than 60 (p = .4517). A BDI score of less 
than 14 is associated with no depressive symptoms, 
a score of 14 to 19 is associated with mild depres- 
sion, and a score between 20 and 28 is associated 
with moderate depression. 


Quality of Life. Ten of the 94 adult cochlear im- 
plant patients have relocated without a forwarding 
address. Of the remaining 84 patients who were 
mailed questionnaires, 61 (73%) returned them. The 
questionnaires were returned anonymously; however, 
the patients were identified with a small, discreet pre- 
printed number on the back of the questionnaire. The 
results were analyzed according to age at implan- 
tation. Thirty-two patients who were between the 
ages of 18 to 59 years at the time of implantation 
and 19 patients older than 60 years of age at the time 
of implantation returned the questionnaire. The mean 
duration of hearing impairment in the elderly and 
younger adult patient populations was 30 years 
(range, 1.5 to 74 years) and 23 years (range, 0.5 to 
55 years), respectively (p = .2670). Before implan- 
tation, the duration of inability to use a telephone 
with a hearing aid (an indication of severe hearing 
loss) averaged 9.5 years (range, 0 to 42 years) in pa- 
tients more than 60 years old and 4.0 years (range, 0 
to 37 years) in patients 18 to 59 years old (p = .3320). 
Before implantation, hearing aids were used an av- 
erage of 11 years (range, 0 to 56 years) in the elderly 
and 13 years (range, O to 36 years) in the younger 
adult patients (p = .5409). Of the older group, 12 pa- 
tients had Nucleus implants and 7 patients had Clar- 
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Age 60yrs  Age< 60 yrs P value 
1. How long have you had a hearing loss? Mean years (range) 29.5 (1.5-74) — 23 (0.5-55) 0.2670 
2. How long were you unable to use a telephone with a hearing aid before implantation? Mean years (range) 9.5 (0-42) 4 (0-37) 0.3320! 
3. Do you have any hearing in the ear that was not implanted? Yes: Number (%) 6 (2596) 7 (78%) 0.422€ 
4. Do you use a hearing aid on the ear that was not implanted? Yes: Number (%) 8 (4296) 5 (16%) 0.036€ 
5. How long has it been since the date of your cochlear implantation? Mean months (range) 41 (5-129) 48 (3-144) 0.2369' 
6. How old were you at the time of the cochlear implantation? Mean Years (range) 69 (60-86) 43 (25-59) 0.0001! 
7. How long did you wear a hearing aid on the ear that was implanted before getting the implantation ? 
Mean years (range) 11 (0-56) 13 (0-36) 0.5409! 
8. Ontheaverage, how many hours pér day do you use your cochlear implant? Mean hours (range) 12.5 (2-19) 14.5 (0-18) 0.0588' 
9. Do you have difficulty placing the headset or magnet, 
changing the batteries, or operating the speech processor? Yes: Number (96) 2 (1096) 2 (696) 0.623* 
10. Can you tell the difference between a human voice and an environmental sound? Yes: Number (76) 18 (9596) 31 (9796) 1.000* 
11. Can you tell the difference between a man's voice and a woman's voice? Yes: Number (6) 16 (9496) 24 (77%) 0.2307 
12. Can you understand some words without the use of lip reading? Yes: Number (96) 17 (90%) 30 (94%) 0.623" 
13. On the telephone, can you recognize a 
Dial tone? Yes: Number (%) 14 (78%) 31 (97%) 0.050" 
Busy signal? Yes: Number (%) 12 (7196) 31 (9794) 0.015* 
Voice? Yes: Number (96) 9 (56%) 29 (9196) 0.0109 
14. Can you talk oa the phone using a simple code such as “yes, yes” and “no”? Yes: Number (96) 10 (5896) 26 (84%) 0.055€ 
15. Have you increased your social activities since implantation? Yes: Number (%) 12 (7196) 24 (7594) 0.739€ 
16. Has the quality or loudness of your own voice improved since implantation? Yes: Number (%) 13 (72%) 28 (88%) 0.253* 
17. In general, has your “quality of life” improved since implantation? Yes: Number (%) 17 (9496) 30 (94%) 1.000 * 
18. Has your confidence improved since implantation? Yes: Number (%) 15 (9496) 28 (90%) 1.000* 
19. Please circle the word that best describes your use of the speech processor in the following conditions: 
At home: 0.563 © 
Excellent 5 (29%) 11 (34%) 
Very good 5 (29%) 12 (38%) 
Goad 5 (29%) 5 (16%) 
Fair 1 (5%) 3 (9%) 
Poor 0 (0%) 1 (396) 
No use 1 (5%) 0 (0%) 
At work: 0.344* 
Excellent 1 (10%) 6 (26%) 
Very good 1 (1096) 6 (2695) 
Good 4 (4096) 6 (26%) 
Fair 2 (2096) 2 (9%) 
Poor 0 (096) 2 (996) 
No use 2 (2096) 1 (4%) 
During social activities: 0.658° 
Excellent 1 (6%) 5 (16%) 
Very good 4 (24%) 7 (2296) 
Good 3 (1896) 8 (2596) 
Fair 7 (4196) 7 (22%) 
Poor 1 (696) 4 (13%) 
No use 1 (6%) 1 (3%) 
In quiet: 0.260° 
Excellent 6 (35%) 17 (53%) 
Very good 5 (29%) 9 (28%) 
Good 4 (18%) 4 (13%) 
Fair 3 (12%) 2 (6%) 
Poor 0 (0%) 0 (0%) 
No use 1 (6%) 0 (0%) 
Tn noise: 0.581 € 
Excellent 0 (0%) 2 (6%) 
Very good 3 (19%) 7 (22%) 
Good 1 (6%) 7 (22%) 
Fair 4 (25%) 5 (16%) 
Poor 6 (38%) 8 (25%) 
No use 2 (13%) 3 (9%) 
20. Would you recommend a cochlear implant to a friend 
who is severely hearing impaired? Yes: Number (%) 18 (94%) 32 (100%) 0.360" 
21. Knowing what you know now, if you could start over again, i^a 
would you choose to go through cochlear implantation? Yes: Number (96) 18 (94%) 31 (97%) 1.000 * 


t denotes t-test p value; © denotes Chi Squared test p value; denotes Fischer’s Exact test p value. 


Fig 4. Cochlear implant questionnaire results. 


nizing a busy signal and recognizing a voice. The 
quality-of-life assessment based on implant type, Nu- 
cleus versus Clarion, revealed no difference in out- 
come in the elderly group. 


ion devices. The results of the questionnaire can be 
seen in Fig 4. The only statistically significant dif- 
ferences between the elderly group and the younger 
adult population on the questionnaire were in recog- 
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TABLE 2. MEDICAL AND SURGICAL COMPLICATIONS 
en NS LICA UNS 








>60 Years 18-59 Years 
Old (N = 33) Old(N = 61) 
No. % No. % 
Major 
Infection, hospitalization, 0 3 4 
intravenous antibiotics 
Extrusion of electrode, 0 2 3 
explantation 
Device failure 0 l 2 
Perilymphatic fistula l 3 0 
Infection, explantation 0 | 2 
Temporary facial paralysis — 1 J 0 
Total 2 6 7 11 
Minor 

Facial stimulation, 4 12 7 11 
reprogrammed 
Infection, oral antibiotics 4 12 5 8 
Hypersensitivity to 0 l 2 
epinephrine 
Total 8 24 13 21 





Complications. There were no life-threatening 
complications in either patient population of adult 
cochlear implant recipients. There were 30 (32%) 
overall complications: 9 (10%) were major and 21 
(22%) were minor. The medical and surgical com- 
plications are presented in Table 2. There was no sta- 
tistical difference in the occurrence of major or mi- 
nor complications between the elderly and younger 
adult patient populations. There was also no differ- 
ence in the number of complications between the pa- 
tients who received a Clarion implant and those who 
received a Nucleus device. 


DISCUSSION 


The results of this study suggest that cochlear im- 
plantation in the elderly provides improvements in 
audiological results and subjective quality of life sim- 
ilar to those in younger adult cochlear implant recip- 
ients. Further, there appears to be no increased mor- 
bidity associated with cochlear implant surgery in 
the elderly population. Previous studies have found 
similar results in regard to subjective improvements 
in quality of life in elderly cochlear implant recipi- 
ents.’"'! However, no study has compared quality- 
of-life issues of elderly patients to those of patients 
below 60 years of age. In doing such a comparison, 
we were able to more clearly define the benefits of 
cochlear implantation in the elderly. 


In addition to age-related degenerative changes that 
occur in the auditory pathways,'-6 recent evidence 
suggests that central auditory nuclei, cortices, and neu- 
rons undergo degenerative changes.^ These changes 
are proportional to the duration of profound hearing 


impairment.^ Therefore, in elderly patients who, on 
average, experience longer periods of deafness, the 
benefit of a cochlear implant has been questioned. 
Further, it has been shown that the peripheral audito- 
ry system undergoes age-related degenerative chang- 
es.^6 The combination of central and peripheral de- 
generative changes in the auditory system explains 
why simple amplification with hearing aids fails as 
the hearing impairment progresses. It also provides 
a simple explanation of how a cochlear implant, by 
bypassing the cochlea, benefits profoundly hearing- 
impaired patients. 


The eiderly patients had improvements in speech 
and phonemic recognition after implantation that were 
similar to those of younger adult patients. All audio- 
logical improvements made by the elderly patients 
were statistically significant, with the exception of 
medial consonants and lipreading without sound. The 
absence of significant improvement in lipreading 
without sound can be explained by the fact that it is 
not a test of a patient's ability to hear. Therefore, the 
improvement in lipreading with sound (1796) as com- 
pared to without sound (396) exemplifies the benefit 
of cochlear implantation in the elderly. Further, al- 
though the percent improvement in medial conso- 
nants is not significant in the elderly, neither is a 
comparison of the improvements made between the 
elderly (1596) and the younger adult (2596) patients. 
In fact, when the two groups' audiological improve- 
ments were compared against each other, no statisti- 
cally significant difference existed, so we conclude 
that cochlear implantation benefited both patient pop- 
ulations similarly. 


Stronger evidence supporting cochlear implanta- 
tion in the elderly is the subjective improvement in 
quality of life of the great majority of elderly pa- 
tients. When compared to younger adult patients, they 
showed no difference in hours per day of implant 
usage, ability to discriminate environmental sounds 
from human voices, or ability to communicate via 
the telephone. The majority of elderly patients re- 
ported improved social life, confidence, and overall 
quality of life after implantation. When asked wheth- 
er they would recommend cochlear implantation to 
a friend or opt to pursue cochlear implantation again, 
all but 1 patient (94%) answered positively. That pa- 
tient commented on her questionnaire that if she had 
not had a complication, she would recommend it to 
a friend. Although these results are similar to those 
of previous reports,^? no previous study compared 
the subjective assessments of quality of life between 
elderly and younger adult populations. We have 
shown that cochlear implantation has allowed our 
patients to live more fulfilling and interactive lives. 
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This is the first report assessing the quality of life 
and audiological test outcomes in an elderly group 
on the basis of the type of implant. The 2 devices 
currently in use in the United States, the Nucleus 
device and that of Advanced Bionics, appear to be 
equivalent in the patients' perception of improvement 
in quality of life. Also, when the audiological test 
results are compared, there appears to be no differ- 
ence in the outcome between the 2 devices. 


Increased risks associated with surgical procedures 
in the elderly were not a factor in this study. The per- 


centage of major surgical or medical complications 
in elderly cochlear implant recipients in this study 
was 6%, a value similar to that reported by Cohen et 
al!? for all adult cochlear implant patients. One el- 
derly patient suffered temporary facial paresis — an 
incidence of 1%, which was similar to that of other 
studies. !> Of note, none of the patients in the elderly 
group had cardiovascular, respiratory, or central ner- 
vous system complications. Overall, the implanta- 
tion surgery in the elderly was well tolerated, and 
the complication rates (minor and major) did not dif- 
fer from those of younger patients. 
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IMPACT OF VOCAL CORD PARALYSIS ON CRICOARYTENOID JOINT 


ANDREAS MÜLLER, MD FRIEDRICH P. PAULSEN, MD 


JENA, GERMANY KIEL, GERMANY 


To demonstrate structural changes in the cricoarytenoid joint after recurrent laryngeal nerve paralysis, we performed a labora- 
tory investigation of fixed arytenoid cartilages from adult humans obtained during laser surgical arytenoidectomy in cases of bilat- 
eral vocal fold paralysis, analyzing the articular cartilage, the joint capsule, and the attached laryngeal musculature. Ten arytenoid 
cartilages from adult humans were studied by means of histology, as well as scanning and transmission electron microscopy. After 
long-standing denervation (26 months), all arytenoid cartilages showed degenerative changes in their joint surface structure at vari- 
ous levels of intensity. The articular surface revealed fibrillation in some places, demasking of collagen fibrils next to the joint 
surface, and formation of chondrocyte clusters near the joint surface. All specimens also showed muscle atrophy. We conclude that 
long-standing recurrent laryngeal nerve paralysis does not result in ankylosis of the cricoarytenoid joint, as assumed, but the articular 
cartilage undergoes structural changes comparable to those in osteoarthritis. Structural changes in the articular cartilage and in the 
surrounding musculature hamper efforts at joint function recovery, as do procedures aiming solely at either medialization or lateral- 
ization of the vocal fold. 


KEY WORDS — cricoarytenoid joint, glottis, osteoarthritis, recurrent laryngeal nerve paralysis. 


INTRODUCTION paralysis (RLNP) on the structure of the CAJ and 

Disturbances of vocal fold mobility following thy- correlates the findings with laryngeal anatomy. More- 

roid gland surgery and endotracheal intubation ma- Over, the findings are discussed in relation to result- 

neuvers are not uncommon. These complications in- Ing biomechanical function, compared with osteo- 

clude impaired movement of one or both vocal folds arthritic changes in the CAJs, and related to the im- 
due to cricoarytenoid joint (CAJ) dysfunction and/ plementation of thyroplasty procedures. 


or recurrent laryngeal nerve damage, and may be 


characterized by hoarseness or stridor. MATERIALS AND METHODS 


Arytenoid cartilages obtained from 10 patients who 
underwent an arytenoidectomy because of paralysis 
of the last remaining recurrent laryngeal nerve or of 
both recurrent laryngeal nerves (duration 6 weeks to 
44 years) were chosen for this study. The cartilages 
were dissected by laser surgery in the ENT Depart- 
ment, Friedrich Schiller University, Jena, Germany. 
All of the arytenoid cartilages except for 1 were split 
into 2 halves after dissection. 


The age, sex, and duration of RLNP of the 10 pa- 
tients are shown in Table 1. The patients selected were 


The human CAJ can be involved in a number of 
different pathological conditions. Trauma,!-3 direct 
bacterial infections of the larynx,‘ and joint diseases 
such as arthritis,’ osteoarthritis,9:7 rheumatoid arthri- 
tis,5 gout,’ or Tietze's syndrome!” have all been re- 
ported to occur in the CAJ. Interestingly, and in con- 
trast to the limb joints, publications elucidating the 
influence of recurrent nerve damage on the morphol- 
ogy of the CAJ have, to date, been restricted to some 
histologic investigations. 


Anatomically, the CAJ is a diarthrodial joint sup- free from recent trauma, neoplasm, and systemic in- 
ported by a wide joint capsule lined with synovium. flammatory conditions and had not been subjected 
The capsule is strengthened posteriorly by the crico- to radiotherapy. All specimens were associated with 
arytenoid ligament. The structural arrangement of the bilateral vocal cord paralysis. The duration of RLNP 
joint allows 2 principal types of motion: a rocking up to 6 months was classified as "recent," and longer 
or rotating movement around the axis of the joint, than 6 months as “long.” 


and a linear glide parallel to this axis.!! The function 
Is to control the abduction, adduction, and length of 
the vocal cords, thereby facilitating respiration, pro- 
tecting the airway, and permitting phonation. 


A control series of 52 CAJs (30 from men and 22 
from women; 20 days to 88 years of age) obtained 
from 26 body donors from the Department of Anat- 
omy, Christian Albrecht University, Kiel, Germany, 

The present investigation analyzes the influence was used to differentiate possible morphological 
of recent and long-standing recurrent laryngeal nerve changes in the articular cartilage and the muscula- 





From the ENT Department, Friedrich Schiller University, Jena (Müller), and the Department of Anatomy, Christian Albrecht University, Kiel 
(Paulsen), Germany. 
CORRESPONDENCE — Andreas Müller, MD, ENT Department, Friedrich Schiller University, Lessingstrasse 2, D-07740 Jena, Germany. 
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TABLE 1. LARYNGEAL FINDINGS IN PATIENTS WITH 
RECURRENT LARYNGEAL NERVE PARALYSIS 
Age Duration of 
Case (y) Sex Side Paralysis 
1 69 M R 9 mo 
2 45 F R 13 mo 


Special Features 


Two previous opera- 
tions on right vocal 


ligament 
3 74 F R 44y 
4 71 F R 12mo Clinically, joint cavity 
partly filled with con- 
nective tissue 


5 49 F L  30y 
6 78 F L 6wk 


7 74 F R 19mo Initial laterofixation of 


arytenoid cartilage 
8 69 F R 30 mo 
9 55 F R 18 mo 
10 69 E R 27 mo 


In every case, recurrent laryngeal nerve paralysis was bilateral and 
due to strumectomy. 


ture surrounding the CAJ. All specimens had been 
investigated in 2 previous studies?!? describing the 
composition of the extracellular matrix in the articu- 
lar cartilage of the CAJ and the morphology of its 
joint capsule and the joint-related structures. 


Light Microscopy. After fixation in a 4% formalin 
solution and decalcification in 20% ethylenediamine- 
tetraacetic acid, 9 arytenoid halves (1 from a man 
and 8 from women; 45 to 78 years of age; Table 2) 
were embedded in paraffin and sectioned in a fron- 
tal or sagittal plane. Sections 7 um thick were stained 
with toluidine blue at pH 1, azan, and resorcin-fuch- 
sin-thiazine—picric acid and by the methods of Go- 
mori and Goldner.!? 


Transmission Electron Microscopy. Transmission 
electron microscopy was performed on 2 arytenoid 
halves (from 2 women, 71 and 74 years of age; Table 
2). Fixation in 3.596 glutaraldehyde was followed by 
decalcification, and the specimens were embedded 
in araldite. Semithin sections were prepared for light 
microscopy, and thin sections for electron micros- 
copy. After contrast enhancement of the thin sections 
with uranyl acetate and lead citrate, examination was 
carried out with a Zeiss TEM 902 electron micro- 
scope. 


Scanning Electron Microscopy. Scanning electron 
microscopic investigations were performed on 5 ary- 
tenoid halves and 1 whole arytenoid cartilage (1 from 
a man and 7 from women; 45 to 87 years of age; 
Table 2). After fixation in 2.5% glutaraldehyde and 
impregnation in 2.5% tannic acid, the preparations 
were counterfixed in 2% osmium tetroxide and dried 
in a critical point dryer. Finally, all specimens were 


TABLE 2. INVESTIGATIVE METHOD APPLIED TO 
EACH ARYTENOID CARTILAGE 


Case Medial Half Lateral Half 
] LM SEM 
2 LM SEM 
3 SEM SEM 
4 LM TEM 
5 LM SEM 
6 LM SEM 
7 LM TEM 
8 LM SEM 
9 LM SEM 

10 LM SEM 


LM — light microscopy, SEM — scanning electron microscopy, TEM 
— transmission electron microscopy. 


coated with gold and their articular surfaces were ana- 
lyzed with a Philips scanning electron microscope. 


RESULTS 


The duration of RLNP ranged from 6 weeks to 44 
years (Table 1). All cases except 1 were of greater 
than 9 months' duration, and 2 cases were of 30 years 
and 44 years. 


Light Microscopy. In the 6-week specimen, the ary- 
tenoid cartilage was histologically normal in terms 
of the integrity of the cartilaginous surface. Histolog- 
ic examination of the arytenoid cartilage of the spec- 
imens ranging from 9 to 30 months of RLNP showed 
changes in the superficial cartilage layer with forma- 
tion of chondrocyte clusters (Fig 1), a decrease of 
the total cell content in the upper cartilage layer with 
a clear demarcation line to the underlying “normal” 
cartilage (Fig 1), and a demasking of collagen fibrils 
in the surrounding extracellular matrix. 


Additionally, all specimens that had between 9 and 
30 months of RLNP revealed a surface roughening 
of the arytenoid cartilage surface. The arytenoid carti- 
Jage of the patient with a history of 30 years of RLNP 
demonstrated a fibrous coating, in some areas cover- 
ing the underlying cartilage (Fig 2), and in other ar- 
eas a pronounced surface roughening of the articu- 
lar surface was visible. 


No formation of fissures was found in the articu- 
lar surface. There was atrophy of the laryngeal mus- 
culature (Fig 3) adhering to the excised arytenoid 
cartilages in all specimens except the one with a his- 
tory of 6 weeks of RLNP. 


Transmission Electron Microscopy. The 2 cases 
examined by means of transmission electron micros- 
copy were from persons with histories of 1 year and 
19 months of RLNP. Both cases revealed chondro- ` 
cytes in clusters near the articular surface of the ary- 


898 Müller & Paulsen, Cricoarytenoid Joint Function After Denervation 


tenoid cartilage, with rarefaction of typical cell orga- 
nelles such as rough endoplasmic reticulum and mi- 
tochondria. The cytoplasm of these cells contained 
many large vacuoles, many lipid droplets, large Golgi 
complexes, and a relatively smooth and unscalloped 
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Fig 2. Frontal section through arytenoid cartilage (49- 
year-old woman with 30 years of RLNP) reveals coating 
of articular cartilage (ac) with fibrous tissue (ft; tolui- 
dine blue, original x181). Bar — extension of fibrous 
tissue, arrowheads — articular surface, sb — subchon- 
dral bone, bm — bone marrow. 





Fig 1. Frontal section through arytenoid carti- 
lage (45-year-old woman with 13 months of re- 
current laryngeal nerve paralysis [RLNP]) shows 
changes in superficial cartilage layer with for- 
mation of chondrocyte clusters (small arrows) 
and decreased total cell content in upper carti- 
lage layer with clear demarcation line (arrow- 
heads) to underlying articular cartilage (ac; azan, 
original x90). Large arrows — articular surface, 
sb — subchondral bone, bm — bone marrow. 


surface membrane. The surrounding extracellular ma- 
trix of the clusters was characterized by inclusion of 
vesicles and granulations of various sizes and forms 
(Fig 4). 


Scanning Electron Microscopy. Scanning electron 
microscopy revealed alterations of the articulating 
arytenoid facet halves at various levels of intensity. 
These levels were related to the duration of RLNP, 
with the fewest changes after 9 months of RLNP and 
the most changes after 44 years of RLNP. On the 
other hand, the arytenoid cartilage of the patient with 
a 6-week history of RLNP showed a smooth and sym- 
metric articular surface without any alterations. All 
other arytenoid facet halves were characterized by a 
roughening of the articular surface, showing a cobble- 
stone appearance (Fig 5). The 2 arytenoid cartilages 
with very long-standing paralysis (30 and 44 years) 
showed a fibrous coating in some areas of the articu- 
lar surface and other areas with extensive surface 
roughening (Fig 6). 


Controls. All findings in this study revealed age- 
related similar deviations from the healthy morphol- 
ogy of the articular cartilage and the structures sur- 
rounding the joints, as described in 2 previous stud- 
ies,%!? without any history of paralysis of the vocal 
folds. 


DISCUSSION 


In our study, we used light and electron micros- 
copy to examine the articular surface of the arytenoid 
cartilage and the musculature near the CAJ in recent 
and long-standing cases of RLNP. Specifically, we 
studied potential structural alterations in the superfi- 
cial and deeper layers of the articular cartilage, as 
well as in the musculature attached to the arytenoid 
cartilage. We found clear changes in cases of long- 
standing RLNP comparable to those of osteoarthri- 
tis in the arytenoid cartilage, as well as signs of mus- 
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Fig 3. Frontal section through laryngeal 
musculature adhering to excised aryte- 
noid cartilage (69-year-old man with 9 
months of RLNP; resorcin-fuchsin-thi- 
azine-picric acid, original x362). Muscle 
fibers (arrows) are surrounded by fatty 
tissue, which has been dissolved by par- 
affin embedding and looks like hollow 
spaces. 


cular atrophy. 


Vocal fold immobility is acommon problem in oto- 
rhinolaryngology practice. In cases of RLNP, a long 
period of uncertainty about recovery of the nerve func- 
tion must be bridged over, as recovery of the dam- 
aged nerve can take as long as 390 days.!^ Conse- 
quences of long-standing RLNP affecting the mobil- 
ity of the CAJ were assumed and related to findings 
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Fig 4. Transmission electron microscopy image of articu- 
lar surface layer of arytenoid cartilage (74-year-old 
woman with 19 months of RLNP) shows part of chondro- 
cyte (c) with rarification of typical cell organelles and 
relatively smooth and unscalloped surface membrane (ar- 
rowheads). Surrounding extracellular matrix (ecm) is 
characterized by inclusion of vesicles and granulations 
(small arrows) of different sizes and forms. Large arrows 
— articular surface, n — nucleus of chondrocyte. 








in the limb joints, in which early and late changes of 
the articular cartilage, the joint capsule, and the sur- 
rounding musculature after immobilization are well 
known!5 and frequently result in total immobiliza- 
tion of the joints involved unless continuous aggres- 





Fig 5. Scanning electron microscopy image of articular 
surface of arytenoid cartilage (69-year-old man with 9 
months of RLNP) shows roughening with cobblestone- 
like appearance. 
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sive physical therapy is administered. From the clini- 
cal impression of a fixed arytenoid cartilage, it was 
concluded that long-standing RLNP leads to ankylo- 
sis of the CAJ.14.16-18 


Messerklinger and Propst!” described fibrous oblit- 
eration of the joint space in 3 CAJs after RLNP. How- 
ever, the period of 10 weeks after which fibrous anky- 
losis of the joint space was observed in their case | 
seems rather short for membrane formation without 
any signs of inflammation. We suggest that the au- 
thors misinterpreted large synovial folds of the joint 
capsule projecting intensively into the joint space. 
Such synovial folds, as recently described, can often 
be so large that they fill out the whole joint cavity in 
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Fig 7. Timetable of therapeutic steps in management of 
unilateral and bilateral RLNP. There is problematically 
long immobilization period of cricoarytenoid joint until 
nerve recovery or larynx surgery. 


Fig 6. Scanning electron microscopy im- 
age of articular surface of arytenoid car- 
tilage (74-year-old woman with 44 years 
of RLNP) shows, in some areas, fibrous 
tissue (ft) and, in other areas, roughened 
articular surface (as). Clinically. ary- 
tenoid joint surface was partly connected 
to cricoid joint surface. 


500um 


histologic sections.22 


Using an experimental rabbit model in which the 
vagal nerves were cut through, Langnickel!^ demon- 
strated beginning ankylosis of the CAJ after 5 months 
of denervation and complete ankylosis in nearly all 
animals after 12 months. However, caution is advised 
when extrapolating animal experimental data to hu- 
mans, since the structure and function of the larynx 
vary widely in different species. 

In contrast to these findings, Elies and Pusalkar,!9 
as well as Gacek and Gacek,?? found on histologic 
investigation that there was no evidence of CAJ anky- 
losis, not even after 37 years of RLNP, and they con- 
cluded that the absence of CAJ ankylosis permits the 
possibility of complete recovery of joint function, in 
view of the integrity of the cartilaginous joint sur- 
faces. 

Our study confirms that there is no CAJ ankylo- 
sis, not even after 44 years. However, in contrast to 
the findings of Elies and Pusalkar,!? as well as Gacek 
and Gacek,”? our findings reveal that there are clear 
structura! alterations in the articular cartilage of the 
arytenoid, as well as in the surrounding musculature, 
in cases of long-standing RLNP (over 6 months’ du- 
ration). These changes are comparable to osteoar- 
thritic alterations of the CAJ as recently described.®7 


Our results also confirm the finding that muscle 
atrophy of the laryngeal musculature does occur.20-22 
However. in contrast to Kano et al,?? who stated that 
muscle atrophy does not occur for at least 1 year af- 
ter denervation, our results show muscle atrophy in 
a patient after as little as 9 months of RLNP (Fig 3). 


One is led to question the reason for the discrep- 
ancy between limb joint ankylosis and CAJ move- 
ment after long-standing denervation. Two explana- 
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tions are possible from an anatomic point of view. 
First, the CAJ is subjected to continuous passive 
movement during swallowing. Second, significant 
neural connections between the recurrent laryngeal 
nerve and the superior laryngeal nerve^?74 lead to 
small residual contractions of the laryngeal muscu- 
lature as permitted by the still-functioning superior 
laryngeal nerve after RLNP. | 


On the basis of the irreversibility of most thyro- 
plasty surgical interventions — indicated to relieve 
breathing or phonation disturbances due to RLNP — 
standard procedure is to wait roughly 1 year before 
surgical intervention (Fig 7). This is the reason for 
the problematic length of the immobilization period 
for the CAJ and inner laryngeal muscles between the 
manifestation of paralysis and the surgical attempt 
to move the vocal fold into a more medial or lateral 
position. Indeed, the finding that the CAJ does not 





undergo ankylosis after long-term neural deficits of 
the larynx has an impact on the efficacy of cord me- 
dialization procedures such as thyroplasty and oth- 
ers, as mentioned by Gacek and Gacek.”° 


We conclude that long-standing RLNP does not 


result in ankylosis of the CAJ, but that the articular 
cartilage, the joint capsule, and the surrounding mus- 


culature of the CAJ undergo major structural changes 
with muscle atrophy, joint capsule shrinkage, and de- 
generative alterations of the articular cartilage com- 
parable to those of osteoarthritis. These structural 
changes limit the recovery to normal joint function 
even if the RLNP resolves after several months. In 
the future, triggered electrical stimulation of the para- 
lyzed muscles could be of value in decreasing the con- 
sequences of functional displacement of the vocal 
cords in cases of long-standing RLNP, thus creating 
a more favorable basis for secondary glottic surgery. 
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EFFECTS OF VOICE THERAPY AS OBJECTIVELY EVALUATED BY 
DIGITIZED LARYNGEAL STROBOSCOPIC IMAGING 
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Objective measurements derived from digitized laryngeal stroboscopic images were used to demonstrate changes in vocal fold 
vibration and in the size of benign lesions after 3 months of voice therapy. Forty chronically dysphonic patients were studied. By 
means of a rigid stroboscope, pretreatment and posttreatment recordings were made of the vocal folds at rest and under stroboscopic 
light during phonation. From each recording, images of the positions at rest and during vibration at maximal opening and at maximal 
closure were digitized. The surface areas of any lesions and of the glottal gap were independently measured in the digitized images 
by 2 experienced laryngologists. Referential distances were determined in order to compensate for discrepancies in magnification in 
the various recordings. After 3 months of voice therapy, significant improvement in lesion size and degree of maximal closure during 
vibration could be demonstrated in about 50% of the patients. The degree of maximal opening did not prove to be a significant 
parameter. 


KEY WORDS — clinical practice, digital processing, quantification, treatment outcome, videostroboscopy, voice therapy. 


INTRODUCTION 


The expectation that the therapeutic effects of a 
treatment should be underpinned by scientific re- 
search is increasingly prevalent. A precondition for 
such research is the availability of relevant outcome 
variables. In the case of voice therapy, different sets 
of treatment outcome parameters provide us with di- 
verse kinds of information concerning treatment ef- 
fects. Common approaches in research on voice dys- 
function are the perceptual evaluation of voice quality 
and acoustic analysis. Although perceptual measure- 
ments of breathiness and roughness have gained wide- 
spread acceptance as standard parameters in voice 
research, they remain essentially subjective in nature. 


Laryngostroboscopy, however, enables the laryn- 
gologist to focus directly on the source of sound pro- 
duction — the vocal folds — and thus facilitates ob- 
jective measurement. Videostroboscopy can be used 
as a tool for visual-perceptual evaluation of the glottal 
waveform and its abnormalities. For instance, a re- 
duction in the dimensions of the glottal gap when 
the vocal folds are maximally closed may be observed 
as a result of voice therapy, as well as of laryngoplas- 
tic phonosurgery (see, among others, D'Antonio et 
al!). Several protocols for evaluating data obtained 
with videostroboscopy have been developed (eg, 
Hirano and Bless,? Dejonckere et al, and Poburka?). 
Recent advances in the technique of digital proces- 
sing of laryngeal images have enabled the develop- 











ment of methods for deriving objective measure- 
ments from such endoscopic examinations (eg, Col- 
ton et al? Sercarz et al, Johnson et al,’ Omori et 
31,5? Gonçalves and Leonard,!° Hanson et al,!! Jean- 
non et al, ? and Björck and Hertegárd!?). Quantitative 
measurements derived from videolaryngostrobo- 
scopic images of vocal fold vibration in normal 
speakers of both sexes were published by Woo,!4 and 
his reference data can be used to identify dysphonic 
patients as opposed to normal subjects. Hitherto, a 
handful of studies have addressed the evaluation of 
the effects of voice therapy by videolaryngostrobos- 
copy (Kotby et al,!? Verdolini-Marston et al,!© Omori 
et al,? and Bassiouny!’). Omori et alë have adopted 
new methods to measure dimensions on digitized la- 
ryngeal stroboscopic images. 


The purpose of this study was to examine whether 
objective measurements derived from digitized laryn- 
geal stroboscopic images can be used to detect sig- 
nificant changes in closure during vocal fold vibration 
and/or changes in the dimensions of benign lesions 
that may have occurred after 3 months of voice ther- 
apy. A majority of these benign vocal fold lesions 
are supposed to be related to voice abuse. The present 
study is part of a research project on the overall ef- 
fects of logopedic voice therapy for patients as found 
in daily clinical practice. As a consequence, this study 
includes patients with a variety of indications for 
voice therapy and various approaches in voice ther- 
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Fig 1. Measurements. A) Of surface area of lesion. B) Of surface area of maximal opening of vocal folds during phonation. C) 
Of surface area of maximal closing of vocal folds during phonation and corresponding referential distance (distance between 
telangiectasia and ventral commissure). 


apy. This is in contrast to most studies in the literature, 
which concentrate on a specific patient population 
or therapy. As interaction between therapy and diag- 
nosis is to be expected, the voice therapies were 
adapted to the diagnosis. The main goal was to in- 
vestigate the efficacy of voice therapy in general. For 
ethical reasons, it was not possible in our experi- 
mental design to use a control group who did not 
receive any voice therapy. Therefore, only chroni- 
cally dysphonic patients were selected to participate 
in our study. Because of the chronic nature of the 
dysphonic disorders, any change found on digitized 
laryngeal imaging could be considered to be the result 
of voice therapy. 
METHODS 

Subjects. The study reported in this paper is part 
of a larger study on the effects of voice therapy that 
uses a multidimensional assessment approach. Pa- 
tients participating in this study were selected ac- 
cording to the following criteria: all patients had to 
have chronic dysphonia, the onset of the dysphonic 
problems had to have occurred at least 4 months be- 
fore visiting an otorhinolaryngological specialist or 
a phoniatrician at the Phoniatric Department of the 
University Hospital Utrecht, and the exact medical 
diagnosis had to have been demonstrated by com- 
prehensive phoniatric investigation. Those under 18 
years of age were excluded from participating in this 
study because of possible problems of voice matura- 
tion or mutation. Furthermore, coexisting speech or 
language disorders, as well as malignant or prema- 
lignant lesions, hormonal voice disorders, laryngeal 
papillomas, gastroesophageal reflux, substitution of 
voice after laryngectomy, spasmodic dysphonia, and 
psychogenic dysphonia, were also exclusion criteria. 
The aim was to avoid, as far as possible, parameters 
other than voice therapy that would affect the out- 
come. If, according to the phoniatrician, voice ther- 
apy was indicated, patients were referred to speech 


therapists in their residential area. The indications 
included trial therapy and presurgical voice therapy, 
whereby patients received voice therapy adjusted to 
their specific phoniatric diagnosis for at least 3 
months, with a frequency of 30 minutes twice a week 
or 60 minutes once a week. Seventy-one subjects who 
satisfied the inclusion criteria without triggering the 
exclusion criteria completed 3 months of voice ther- 
apy. 


A videostroboscopic recording was made before 
and after these 3 months, and of the 71 patients, both 
pretherapy and posttherapy stroboscopic recordings 
were suitable for further computerized analysis in 
40 cases. Of this group, 36 subjects presented with 
pathological vocal fold closure, and 25 subjects with 
a benign vocal fold lesion. With 3 exceptions, all of 
the patients with lesions were categorized by a pho- 
niatrician as also having glottal insufficiency. The 
main reason for not including a patient’s data in the 
analysis was the inadequate quality of the video im- 
ages concerned. The poor quality was caused by low 
light levels; involved images that were out of focus: 
or resulted from incomplete glottic images due to an 
overhanging epiglottis, prominent false vocal cords, 
or collapsed arytenoid cartilages (Jeannon et al!?). 
Furthermore, because of the variable distance be- 
tween the laryngoscope and the vocal folds, surface 
area measurements (in pixels) taken from vocal fold 
images require calibration to allow for variations in 
the magnitude of magnification. In order to place stro- 
boscopic pretreatment and posttreatment recordings 
on the same scale, a referential distance was identified 
and measured (Fig 1). 


The group of 40 patients consisted of 27 women 
and 13 men, with an age range of 18 to 76 years. The 
average age of the female subjects was 38 years, and 
that of the men was 52 years. The subjects represented 
a sample that reflects the diversity of laryngeal disor- 
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DISTRIBUTION OF PATIENTS BY DIAGNOSTIC 
CATEGORIES 


Phoniatric Diagnosis 











Muscle tension dysphonia 
Submucosal swelling 

Vocal fold edema (Reinke's edema) 
Vocal fold nodules 

Vocal fold polyp 

Unilateral vocal fold paralysis 

Other: slight vocal fold abnormalities* 


UJ oO RU -J)tft2-)tA|- 


Other: severe vocal fold abnormalities? 
*[ncluding chronic laryngitis, slight sulcus, contact ulcer, small 
(pseudo)cyst, etc. 


* Including radiotherapy, scar, etc. 











ders in chronic dysphonia as found in the clinical 
setting (see Table) and were used to evaluate the over- 
all effects of voice therapy in such clinical practice. 
The chronic character of the dysphonia was con- 
firmed by acoustic measurements on speech samples 
collected before therapy onset (baseline period) on 
3 different days within 6 weeks. No significant sys- 
tematic differences between these baseline measure- 
ments could be demonstrated. 


Procedure. A rigid endoscope was used to achieve 
an image quality superior to that realized by flexible 
techniques of endoscopy. If necessary, a topical an- 
esthetic (lidocaine hydrochloride 4%) was applied. 
Recordings on video tape (U-matic videocassette re- 
corder Sony VO-5630) were made of vocal fold vi- 
bration during repeated stable phonation of a sus- 
tained vowel /a:/ or /1:/ at comfortable pitch and loud- 
ness with normal as well as stroboscopic light (Stro- 
boscope RLS 9100, Kay Elemetrics Corp, Pine 
Brook, New Jersey). In addition, images of the vocal 
folds in the resting position were recorded. 


A personal computer (internal memory, 128 Mb) 
combined with a PCI videoadapter ( ATI Technologies 
Inc, Thornhill, Canada; RAM memory, 8 Mb) served 
as a workstation. Selections of the video recordings 
were digitized and stored with a frame grabber (Fast- 
Cap version 2.2.0 by FastMultimedia AG, Munich, 
Germany). By means of the software program Vid- 
eoCapture (version 5.02 by Ulead Systems, Inc, Tai- 
pei, Taiwan), video frames were selected for further 
analysis. From each pretreatment and posttreatment 
recording, 3 images were captured. One image had 
been made during the resting position of the vocal 
folds to provide a clear image of any lesion present, 
and the other 2 images were taken during vibration 
of the vocal folds under stroboscopic light. The sec- 
ond image was chosen at the moment of the maxi- 
mal opening of the vocal cords, and the third at the 
moment of maximal closure. The moment of maxi- 
mal opening during vibration was considered to be a 


global measure for the elasticity of the vocal folds, 
whereas the moment of maximal closure could reveal 
glottal insufficiency, which is presumed to be corre- 
lated to breathiness. Since quality was the criterion 
in selecting the images of maximal opening or closure 
from the whole recording, they need not have be- 
longed to a single vibratory cycle. Three images were 
obtained from the pretreatment recordings, and 3 from 
the posttreatment recordings, so that 6 images per 
patient were available for quantitative measurement. 


With the aid of the software program Scion Image 
(Scion Corporation, Frederick, Maryland), distances 
and surface areas were measured on the digitized im- 
ages. Scion Image is an IBM-compatible version of 
à software program developed for Macintosh sys- 
tems: NIH Image by W. Rasband (National Institutes 
of Health, Bethesda, Maryland). Measurements were 
made with a screen resolution of 1,024 horizontal 
pixels by 768 vertical pixels. Scion Image provides 
the ability to select the red, blue, and green compo- 
nent of an image separately and show it in shades of 
gray. In practice, green images shown in shades of 
gray appeared to produce the sharpest pictures of the 
vocal folds. In some cases, enhancement techniques 
were used to optimize the contrast and brightness of 
the images. 


Contours of surfaces and distances of anatomic 
reference features were traced manually with a mouse. 
Areas within the traced contours were computed by 
the program. During the procedure, each patient's pre- 
treatment and corresponding posttreatment images 
were shown on a monitor simultaneously without any 
indication as to which was which, and no sound track 
was provided. The area of the lesion was measured 
on the first image, the area of the maximal visible 
glottal gap during phonation was measured on the 
second image, and the area of the smallest gap was 
measured on the third image; all measurements were 
carried out independently by 2 experienced phoniatri- 
cians. A referential distance that was visible on the 
pretreatment and the posttreatment images was cho- 
sen and measured. Different kinds of referential dis- 
tances were used, such as the distance between two 
blood vessels, the vocal fold length, and the width 
of an arytenoid cartilage or of the epiglottis. The error 
of intraobserver measurement was determined by in- 
dependently performing the complete measurements 
twice, with an interval of at least 6 weeks. The intra- 
observer variance for the difference between the pre- 
treatment and (corrected) posttreatment measure- 
ments was computed by means of an analysis of vari- 
ance (Shrout and Fleiss!?). 


A correction was applied to the posttreatment val- 
ues of the different parameters, to allow for discrep- 
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ancies in magnification in pretreatment and posttreat- 
ment video recordings (see Appendix). Surface areas 
calculated from the posttreatment recordings were 
multiplied by a correction factor to correspond to the 
pretreatment recording data. This correction factor 
was the squared ratio of the referential distance as 
measured on the pretreatment recording to the same 
distance as measured on the posttreatment recording. 
Squared ratios were used because the videostrobo- 
scopic variables in this study are expressed as surface 
areas rather than linear distances. In order to deter- 
mine the effect of voice therapy, we subtracted the 
pretreatment values from adjusted surface areas after 
therapy, so that quantified treatment effect data re- 
sulted. 


RESULTS 


A Wilcoxon maíched-pairs signed-ranks test was 
used as an overall test. for evaluating differences be- 
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Fig 2. Data of rater 1 (squares) and rater 2 (triangles). A) Change 
in surface area of lesion after 3 months of voice therapy (N = 
25) plotted against pretreatment surface area as assessed by 2 
phoniatricians. Horizontal dotted lines define 9595 confidence 
interval of intraobserver variability (+270 pixels). Solid line 
represents position of values for patients in whom lesion had 
completely disappeared. Sloping dotted line is regression line 
through data below lower limit of confidence interval. B) 
Change in maximal opening of vocal folds during phonation 
after 3 months of voice therapy (N = 35) plotted against pre- 
treatment maximal opening as assessed by 2 phoniatricians. Hori- 
zontal dotted lines define 95% confidence interval of intraob- 
server variability (+888 pixels). C) Change in maximal closure 
of vocal folds during phonation after 3 months of voice therapy 
(N = 36) plotted against pretreatment glottal gap as assessed by 
2 phoniatricians. Horizontal dotted lines define 95% confidence 
interval of intraobserver variability (+212 pixels). Solid line 
represents position of values for patients in whom glottal insuffi- 
ciency had completely disappeared. Sloping dotted line is regres- 
sion line through data below lower limit of confidence interval. 
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tween pretreatment and posttreatment data. The re- 
sults revealed that 1) the size of the laryngeal lesion 
and 2) the glottal insufficiency or area of the glottal 
gap in the maximal closure position of the vocal folds 
during vibration did show significant improvements 
(p 2.01 and p = .001). The 25th, 50th, and 75th per- 
centiles for change in the lesion were —52%, —36%, 
and —3%, and for change in maximal closure, these 
values were —88%, —46%, and —1746. The change in 
maximal opening position of the folds was not sig- 
nificant. 


The treatment effects after 3 months of voice ther- 
apy in relatiori to the pretreatment data are specified 
for each patient in Fig 2. If no lesion or no air leakage 
in the closed position of the vibratory cycle was de- 
tected in the pretreatment examination, then these 
data were left out of the corresponding part of Fig 2 
and analysis. The horizontal dotted lines in this Figure 
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represent the 95% confidence interval of the intraob- 
server variability of differences as assessed by means 
of an analysis of variance of the data of the repeated 
assessment. If no relevant differences were apparent 
between pretreatment and posttreatment videostrobo- 
scopic recordings, the corresponding data point was 
plotted between these lines. If, after 3 months of ther- 
apy, a lesion had completely disappeared, the data 
point was plotted on the sloping solid line in Fig 2A. 
In the case of maximal closure, this line represents a 
situation in which no air leakage occurs during clo- 
sure of the vocal folds after therapy. Therefore, in all 
cases in which maximal possible improvement was 
achieved after therapy, the value concerned was 
plotted near the solid lines. 


Figure 2 shows that in the case of the larger le- 
sions, a decrease in the dimensions of the abnormality 
was generally achieved. Only a small number of pa- 
tents had completely recovered after 3 months of ther- 
apy, and in some subjects the lesion did not change 
at all significantly as a result of therapy. Where small 
lesions were concerned, it was especially difficult to 
verify improvement in view of the margins of mea- 
surement error. In some 50% of the patients, a sig- 
nificant improvement was found. A regression anal- 
ysis for the data below the lower limit of the 95% 
confidence interval of Fig 2A showed that the size 
of these lesions had been reduced on the average by 
about 4696. A complete recovery — that is, the state 
indicated by a posttreatment value within the confi- 
dence interval around the absence of a lesion — was 
found in 11% of the patients who had a lesion before 
therapy. Among the diagnostic categories, no clear 
differences in the pattern of recovery could be dem- 
onstrated in this study. A slight enlargement of the 
lesion was observed in 2 patients with vocal fold 
nodules and 2 patients with submucosal swelling. 


The data on maximal opening of the vocal folds 
(Fig 2B) showed that an important group of subjects 
underwent an enlargement of this parameter, but a 
similar number of patients showed a reduction. This 
parameter did not systematically change as a result 
of 3 months of voice therapy. 


Figure 2C shows that in the case of larger devia- 
tions that imply greater insufficiency of glottal clo- 
sure, a decrease in the size of the abnormality was 
generally attained. As in those subjects who had le- 
sions, in some 50% of the patients a significant im- 
provement was demonstrated. Regression analysis 
for the data below the lower limit of the 95% confi- 
dence interval obtained in Fig 2C showed that the 
minimal glottal gap during vibration was reduced on 
the average by about 62%. A complete closure within 
the confidence interval was found in 2046 of the pa- 


tients with insufficient glottal closure before therapy. 
The diverse diagnostic categories showed similar pat- 
terns of recovery, except in the cases of 4 patients 
with vocal fold paralysis for whom the results of treat- 
ment were inconsistent. Deterioration of the maximal 
closing position of the vocal folds appeared unam- 
biguously in 2 subjects with a diagnosis of unilateral 
vocal fold paralysis. 


DISCUSSION 


The following conclusions can be drawn from the 
results of this study. In the first place, objective mea- 
surements derived from digitized laryngeal strobo- 
scopic images can be used to investigate the effects 
of voice therapy. It is evidently possible to use such 
measurements to evaluate whether voice therapy has 
positive effects on the functioning of the vocal folds. 
Measurements taken from laryngeal stroboscopic re- 
cordings before and after 3 months of voice therapy 
can provide valuable information concerning thera- 
peutic effects and the usefulness of possible contin- 
uation of voice therapy. 


second, the valuable parameters on stroboscopic 
imaging appeared to be the size of a laryngeal lesion 
and the glottal insufficiency or area of the glottal gap 
during maximal closure of the vocal folds during vi- 
bration. No useful information was yielded by mea- 
suring the maximal opening position of the vocal 
folds. Third, it was demonstrated that in this group 
of chronically dysphonic patients with diverse dis- 
orders, a significant improvement after 3 months of 
voice therapy was realized in about 50% of the pa- 
tients. 


In this study, all videostroboscopic recordings 
made of vocal fold vibration during stable phonation 
were at comfortable pitch and loudness. Fundamental 
frequency and loudness are factors that influence vo- 
cal fold vibration. In normal phonation, an increase 
in sound intensity is positively correlated with glottal 
closure, although in female subjects, an increase in 
fundamental frequency with no transition among reg- 
isters can be related to a decrease in closure (Sulter 
et al!?). However, other authors did not find the de- 
gree of incomplete closure to be affected by changes 
in pitch (Sódersten and Lindestad?°). The measure- 
ment data pertaining to treatment effect in this study 
may have been contaminated by a slight difference 
in pitch and loudness in the pretreatment recording 
as opposed to the posttreatment recording. Ideally, 
both parameters should be controlled, as would be 
feasible in a research laboratory with healthy sub- 
jects. However, this control would be difficult to 
achieve in a clinical setting in which the vocal dis- 
orders of patients are being assessed. Since, in this 
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study, pitch and loudness may not have been entirely 
consistent in the two sets of recordings, the results 
may show greater variability than they would have 
if these two parameters had been uniform on the pre- 
treatment and posttreatment recordings. 


The degree of incomplete glottal closure 1s signifi- 
cantly higher in the case of normally speaking women 
than in men. Incomplete glottal closure of the poste- 
rior parts of the glottis during phonation should es- 
pecially be regarded as normal in women, whereas 
complete closure appears to be the most common 
pattern in men (Sódersten and Lindestad?9), Sulter 
and Albers?! showed that in women, a closure of at 
least 9096 should be attained, so that a small glottal 
gap in female subjects should be considered as nor- 
mal. In our study on pathological voice production, 
no significant differences could be found between 
treatment effects on maximal closure of the vocal 





folds of female as opposed to male subjects. Although 
some female subjects may erroneously be considered 
to have had or still have an abnormal closure of the 
vocal folds, the observed effects will very likely be 
within the statistical margin of measurement error. 


CONCLUSION 


The results of this study show that objective mea- 
surements in digitized laryngeal stroboscopic images 
can be used to investigate the effects of voice therapy 
on the functioning of the vocal folds. In about 50% 
of the dysphonic patients in this study, a significant 
improvement after 3 months of voice therapy could 
be demonstrated. The size of the laryngeal lesion and 
the glottal insufficiency or area of the glottal gap in 
the maximal closure position of the vocal folds during 
vibration proved to be valuable parameters. In con- 
trast, measuring the maximal opening position of the 
vocal folds failed to yield useful data. 
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APPENDIX: IMAGE CALIBRATION FOR MAGNIFICATION DIFFERENCES OF PRETREATMENT AND 
POSTTREATMENT VIDEO RECORDINGS 


In this study, the following correction procedure is used. 
If rl = referential distance on pretreatment image 

and 

r? — referential distance on posttreatment image 


then the correction factor (c) for discrepancies in magnification in pretreatment and posttreatment video recording is 
defined as: 


c = (rl/r2)? 

The posttreatment surface area is multiplied by the correction factor to correspond to pretreatment data. 

If al = surface area on pretreatment image 

and 

a2 = surface area on posttreatment image 
then the adjusted surface area (a2') is 

42 =¢* 2 

The pretreatment data are subtracted from the adjusted surface area in order to determine the effect of voice therapy. 
The quantified treatment effect value (e) is 


e-a2 —al 
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Glucocorticoids (GCs) are commonly prescribed for treatment of olfactory dysfunction. However, the effects of GCs on olfac- 
tory epithelium are not well known. We investigated the effects of high-dose GCs on proliferating cells of olfactory epithelium. Five 
adult male rats (300 g) received a single daily subcutaneous dose of vehicle containing 0.3 mg dexamethasone (DEX) for 9 days 
(DEX+ group), and a control group received vehicle alone (DEX- group). We compared sections from the two groups for numbers 
of Ki67-positive cells. The mean number of Ki67-positive cells per 500 olfactory epithelial cells was 9.6 for the DEX+ group and 58 
for the DEX- group (significant difference). We conclude that high-dose GC suppressed proliferation of olfactory epithelium. We 
suggest that high-dose GC suppresses cytokines and growth factors, resulting in secondary suppression of proliferating ability. 


KEY WORDS — glucocorticoids, olfactory epithelium, proliferation. 


INTRODUCTION 


Glucocorticoids (GCs) are commonly used for the 
treatment of olfactory dysfunction.! However, the ef- 
fects of GCs on the olfactory epithelium are not well 
known. The olfactory epithelium is unique in its abil- 
ity to give rise to new sensory neurons throughout 
life, and neurogenesis is greatly enhanced after in- 
jury to the epithelium, allowing for rapid reconstitu- 
tion of the damaged epithelium. Thus, proliferation 
of olfactory cells occurs continuously, even in adult 
animals.? In this experiment, we investigated the ef- 
fects of high-dose GCs on proliferating cells in the 
rat olfactory epithelium. 


MATERIALS AND METHODS 


Five adult male rats (300 g) received a single daily 
subcutaneous dose of vehicle containing 0.3 mg dex- 
amethasone (DEX) for 9 days (DEX+ group). We 
examined 5 adult male rats (300 g) that received only 
vehicle (DEX- group). Each rat was then decapi- 
tated to obtain specimens, and the specimens were 
decalcified in 10% ethylenediaminetetraacetic acid. 
The fixed specimens were embedded in paraffin and 
cut into 4-um-thick sections. After microwave treat- 
ment, the sections were incubated for 24 hours at 
4°C with anti-Ki67 polyclonal IgG (Novocastra Lab- 
oratories, Newcastle, England) as the primary anti- 
body. Immunohistochemical staining was performed 
with the LSAB kit (Dako Japan, Kyoto, Japan). Im- 
munoreactive antibody-antigen complexes were vi- 
sualized with 3,3-diaminobenzidine tetrahydrochlo- 





ride. After staining, we compared the two groups for 
numbers of Ki67-positive (Ki67+) cells in the sec- 
tions. 

RESULTS 


In the olfactory epithelium of both groups, Ki6/+ 
cells were identified mainly in the basal layer. The 
number of Ki67+ cells was smaller in the DEX+ 
group than in the DEX- group (Fig 1). 


Under high-power magnification, the number of 
Ki67- cells was smaller in the DEX+ group than in 
the DEX- group, both in the basal layer and in the 
surface layer of the olfactory epithelium (Fig 2). 


The mean number of Ki67- cells per 500 olfac- 





Fig 1. Olfactory epithelium of rats (diaminobenzidine 
and hematoxylin, original x100). A) Dexamethasone- 
negative (DEX-) group. B) Dexamethasone-positive 
(DEX+) group. Dark cells are Ki67-positive (Ki67+) 
cells. 
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Fig 2. Olfactory epithelium of rats under high- power 
magnification (diaminobenzidine and hematoxylin, origi- 
nal x400). A) DEX- group. B) DEX+ group. Dark cells 
are K167- cells. 


tory epithelial cells was 9.6 in the DEX+ group and 
58 in the DEX- group (Fig 3). This difference be- 
tween the two groups was ini end by the Aspin- 
Welch method. 


DISCUSSION 


Anti-Ki67 antibodies are used widely to show pro- 
liferating cells in all phases of the cell cycle (GI-, 
S-, G2-, and M-phase), but are absent from resting 
(GO-phase) cells.? Thus, it is appropriate to identify 
proliferating cells in the olfactory epithelium with 
anti-K167 antibody.^? On the basis of our results, we 


suggest that high-dose GCs suppress proliferation of 


olfactory epithelium. 


We consider the K167- cells in the basal layer to 
be precursors of olfactory cells and the Ki67+ cells 
in the surface layer to be precursors of sustentacular 
cells. The number of Ki67+ cells decreased in the 
DEX+ group, both in the basal layer and in the sur- 
face layer of the olfactory epithelium. High-dose GCs 
suppressed the proliferation of both olfactory cells 
and sustentacular cells. 


It is not clear why high-dose GCs suppressed pro- 
liferation of olfactory epithelium. Robinson et al^ 
found that GC receptor-like immunoreactivity asso- 
ciated with the olfactory epithelium was greatest at 
the apical surface, a position corresponding to the 
dendrites, knobs, and cilia of olfactory receptor neu- 
rons, as well as the supranuclear region of susten- 
tacular cells. Weaker GC receptor-like immunoreac- 
tivity was associated with the region of cell bodies 
of the olfactory receptor cells. Within the lamina pro- 
pria, the acinar cells of the Bowman's glands and 
the olfactory nerve bundle were intensely immunore- 





DEX+ 


Fig 3. Mean numbers of Ki67+ cells in 500 olfactory 
epithelium cells: 9.6 in DEX+ group and 58 in DEX- 
group. 


active. In their report, the basal layer of olfactory 
epithelium did not contain many GC receptors. There- 
fore, GCs may not suppress proliferation in the basal 
layer of the olfactory epithelium. 


Glucocorticoids inhibit keratinocyte growth fac- 
tor production in primary dermal fibroblasts.” They 
may inhibit other growth factors. If GCs suppress 
cytokines and growth factors in the olfactory epithe- 
lium, this may explain why GCs suppress prolifera- 
tion of olfactory epithelium. Because of olfactory epi- 
thelial exposure to the outside, olfactory epithelium 
consistently shows mild inflammation. Neurogenesis 
and proliferation of the olfactory epithelium may re- 
quire mild inflammation. Therefore, if high-dose GCs 
suppress the inflammation, the ability to proliferate 
may decrease. 


From the clinical point of view, GCs may help peo- 
ple who have lost their sense of smell. Why do GCs 
help patients with decreased olfactory ability? Most 
cases of anosmia and hyposmia are caused by inflam- 
mationlike chronic sinusitis and allergic rhinitis. We 
think that GCs decrease inflammation of the olfac- 
tory epithelium and increase the sense of smell. In 
this experiment, the dosage of GCs was much higher 
than the therapeutic dosage. Therefore, we need to 
investigate systemic administration of low-dose GCs. 


CONCLUSION 


We investigated the effects of high-dose GCs on 
proliferating cells in the rat olfactory epithelium. The 
number of K167- cells in the rat olfactory epitheli- 
um was smaller in the DEX+ group than in the DEX- 
group. Although GCs are commonly prescribed for 
treatment of olfactory function, high-dose GCs can 
suppress normal proliferation of olfactory epithelium. 
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We studied the effects on distortion-product otoacoustic emissions (DPOAEs) of internal auditory canal (IAC) extension of 
acoustic neuromas (ANs) with the hypothesis that cochlear patterns of DPOAEs would be more commonly observed when the IAC 
was completely filled with tumor because of direct tumor involvement of either the inner ear or its blood supply. In a retrospective 
analysis of 86 patients with surgically proven ANs, DPOAEs were classified as having cochlear or noncochlear patterns on the basis 
of comparisons with the behavioral pure tone thresholds. The results of behavioral audiometry and DPOAEs were compared with the 
extension of the tumor into the IAC, which was categorized as full or partial. Of the 86 patients, 58 had tumors with full IAC 
extension, and 28 had tumors with partial IAC involvement. Cochlear patterns of DPOAEs were found in 55.2% of the tumors in the 
full IAC group and in 71.4% of those in the partial IAC group (not statistically different). It was concluded that the extent of IAC 
involvement by ANs was not significantly related to the negative effects of the tumor on cochlear function as represented by DPOAEs. 


KEY WORDS 





INTRODUCTION 


Evoked otoacoustic emissions (OAEs) are low-lev- 
el acoustic signals of cochlear origin that can be re- 
corded in the external auditory canal with a sensi- 
tive microphone after the delivery of an appropriate 
acoustic stimulus.! They are thought to arise as a by- 
product of a biomechanical feedback loop in which 
the outer hair cells (OHCs) participate to enhance 
basilar membrane vibration. This active cochlear pro- 
cessing is thought to originate with the miniscule 
movements of the OHCs, which have been shown to 
exhibit micromechanical motility when stimulated 
electrically in vitro.* Measurement of OAEs provides 
a noninvasive indication of the integrity of this pre- 
neural biomechanical amplification process.? Thus, 
in the case of sensory hearing loss, when the OHCs 
are compromised, OAEs are reduced or absent. 


It is generally accepted that acoustic neuromas 
(ANs) cause hearing losses resulting from dysfunc- 
tion in either the peripheral (cochlea) or the central 
(neural) auditory structures or both. The mechanisms 
by which ANs damage the cochlea remain unclear, 
but it has been generally assumed that a major cause 
is reduction in cochlear blood flow. In previous in- 
vestigations, the effect of an AN on hearing was con- 








acoustic neuroma, internal auditory canal, otoacoustic emissions. 


sidered to be "cochlear" when evoked OAEs were 
reduced in tandem with the behaviorally measured 
hearing thresholds.* On the other hand, the effect of 
tumor was considered to be “noncochlear” when 
evoked OAEs were within the normal range or bet- 
ter than expected on the basis of the hearing loss. 


Bonfils and Uziel’ analyzed transiently evoked oto- 
acoustic emissions (TEOAEs) in patients with ANs 
and obtained TEOAEs in 9 of 28 ears with tumors. 
Of the 9 ears with intact TEOAEs, 5 had average 
hearing thresholds of greater than 25 dB hearing level 
(HL) in the ranges between 0.5 and 2 kHz. This 
amount of hearing loss in the presence of TEOAEs 
implied a "retrocochlear" (ie, noncochlear) site of 
lesion in the auditory pathway. However, the authors 
reported that the TEOAE detection thresholds were 
similar to those in other (nontumor) ears with co- 
chlear losses and concluded that ANs usually pro- 
duce a cochlear hearing loss.? In contrast, Ohlms et 
al^ observed that patients with ANs exhibited only 
mildly reduced distortion-product otoacoustic emis- 
sions (DPOAEs) even in the presence of appreciable 
hearing losses. These findings were consistent with 
a retrocochlear basis for the hearing loss. Thus, these 
authors suggested that evoked OAEs could make a 














From the Department of Otolaryngology, University of Miami Ear Institute (all authors), and the Department of Epidemiology and Public 
Health. University of Miami School of Medicine (Gomez-Marin), Miami, Florida. Mr Stagner and Dr Martin are now in the Department of 
Otolaryngology, University of Colorado School of Medicine, Denver, Colorado. 

CORRESPONDENCE — Fred F. Telischi, MEE, MD, University of Miami Ear Institute, Dept of Otolaryngology, PO Box 016960 (D-48), Miami, 
FL 53101. 


917 


Odabasi et al, Acoustic Tumor Extension 913 


major contribution toward differentiating the sensory 
component from the neural component of hearing 
impairment.® 

Based on past studies of DPOAEs in AN patients, 
the present study was undertaken to assess the rela- 
tionship between the extent of the tumor in the inter- 
nal auditory canal (IAC) and evoked DPOAE activ- 
ity. In particular, the goal was to determine whether 
the extension of the AN into the IAC significantly 
increased the likelihood that an ear would be classi- 
fied as having a cochlear pattern of DPOAEs. 


MATERIALS AND METHODS 


Data were collected from the records of patients 
who received a diagnosis of AN between January 
1992 and November 1999, Pure tone averages (PTAs) 
and speech discrimination scores (SDSs) were ob- 
tained from reports of behavioral audiometry. The 
AN tumor size was measured as the largest diameter 
of the mass as seen on either the axial or coronal 
magnetic resonance imaging scans. The DPOAEs 
were obtained only when tympanometry indicated 
normal middle ear compliance (ie, type A). Patients 
with conductive hearing loss or abnormal immitance 
findings were excluded from the study because of 
the known adverse effects of middle ear dysfunction 
on DPOAEs. In addition, only patients who under- 
went surgical treatment for unilateral AN and had a 
positive pathological confirmation of schwannoma 
were included. Behavioral PTAs, SDSs, speech re- 
ception thresholds, and acoustic immittance were de- 
termined for all patients by conventional diagnostic 
audiological procedures. Behavioral pure tone thresh- 
olds were obtained at frequencies of 1, 2, 4, and 6 or 
8 kHz. The final study group included 86 patients 
who met the inclusion criteria. 


The DPOAE subtype of OAEs was used because 
previous work suggested that in the presence of mild 
to moderate hearing loss, DPOAEs tended to be more 
robust than click-evoked TEOAEs.^* Specifically, 
DPOAEs could be measured in ears exhibiting co- 
chlear losses up to about 45 to 55 dB HL, as com- 
pared to a 30—dB HL limit for detecting click-based 
TEOAEs. In addition, DPOAEs can be elicited at 
higher test frequencies of up to 8.0 kHz. 


Measurement of DPOAEs. Measurement of the 
DPOAEs by experienced practitioners took place in 
either a human OAE research laboratory or in a clin- 
ical audiology suite. Briefly, in the research labora- 
tory, DPOAEs at 2f1-f2 were measured with a com- 
mercially available acoustic probe (ER-10 or ER- 
JOB, Etymotic Research, Elk Grove, Illinois) incor- 
porating several miniature microphones and sound 
tubes from 2 externalized ear speakers (ER, Etymotic 


Research). Stimulus generation and response acquisi- 
tion were controlled by customized microcomputer- 
based software operating an onboard digital signal 
processor (Macintosh IIci, Apple Corp, Cupertino, 
California). The DPOAEs were obtained with equal 
level (L1 = L2) primary fi and f2 tones (f2/f1 = 1.21) 
at 75 dB sound pressure level. The geometric mean 
(GM) frequencies of the primaries [GM = (f1 x f2)95] 
were distributed in 0.1-octave steps, from 0.8 to 8.0 
kHz. As part of the data collection procedure, the 
amplitudes for 31 GM frequencies were automati- 
cally entered into a commercial spreadsheet (Micro- 
soft Excel) along with the levels of the related noise 
floors (ie, the average amplitude of 5 frequency bins 
on either side of the DPOAE frequency). 


In the audiology suite, DPOAEs were measured 
with the commercially available [LO 92 System (Oto- 
dynamics Ltd, Hatfield, England), which generated 
DPOAE amplitude measures at GM frequencies dis- 
tributed in one-third-octave steps, from 0.5 to 6.0 
kHz, ie, at 3 points per octave. We obtained DP-grams 
using equilevel settings of L1 = L2 = 75 dB sound 
pressure level for f1 and f2 primary tones. 


Cochlear Versus Noncochlear Classification. De- 
tailed methods for classification of DPOAEs in ears 
with tumors have been described elsewhere.‘ Briefly, 
subjective classifications were performed by a quali- 
tative approach that related DPOAEs to the corre- 
sponding behavioral hearing thresholds. On the ba- 
sis of our previous experience, the DPOAE results 
were categorized into cochlear and noncochlear cate- 
gories by comparing the emission amplitude to the 
corresponding hearing level at the same test frequen- 
cies (ie, 1, 2, 4, and 6 or 8 kHz). For example, ears 
with behaviorally measured hearing loss (ie, hear- 
ing loss of >20 dB HL), and DPOAEs that were re- 
duced accordingly, were assigned to the cochlear 
group. Thus, for ears with hearing loss categorized 
as cochlear, diminished DPOAE levels were associ- 
ated with impaired hearing. In contrast, ears desig- 
nated as having noncochlear hearing loss displayed 
DPOAE levels that were either within the normal 
range or better than expected on the basis of the ac- 
companying behavioral hearing loss. To control for 
the general effect of associated sensorineural hear- 
ing loss on DPOAE levels (eg, hearing loss related 
to presbycusis and noise exposure), we also took into 
account the relationship between hearing threshold 
and DPOAEs in the nontumor ear before making a 
final assignment to either the cochlear category or 
the noncochlear category. Next, the tumor's IAC in- 
volvement and/or its lateral extension was determined 
according to intraoperative findings. For purposes 
of this study, the tumor's IAC extension was consid- 
ered either full or partial, depending on whether the 
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TABLE 1. COMPARISON OF CHARACTERISTICS OF PATIENTS WITH FULL VERSUS PARTIAL EXTENSION OF 
ACOUSTIC NEUROMA INTO INTERNAL AUDITORY CANAL 





Characteristic 





Overall (n = 86) 








Full Extension Partial Extension 





Gender (male) No. 42 

Ob 48.8 
Site (left ear) NO. 38 

% 44.2 
Age (y) Mean + SD 54.9 + 13.5 

Range 14.0-78.0 
Tumor size (cm) Mean + SD 2121.1 

Range 0.5-5.5 
Pure tone average (dB) Mean + SD 56.4 + 29.5 

Range 8.8-120.0 
Speech discrimination score (%) Mean t SD 44.9 t 38.2 

Range 0.0-100.0 











(ns58) ine) p 
28 14 .881 
48.3 50.0 
2i 11 DS 
46.6 39.3 
52.6 2:13.58 56.3 + 12.9 A92 
14.0-72.0 27.0-78.0 
ZI 202 1.1 .668 
0.5-5.5 0.5-4.0 
60.5 + 30.8 48.0 + 25.1 .066 
8.8-120.0 12.5-111.3 
39.9 t 36.6 55.3 t 40.1 077 
0.0- 100.0 0.0-100.0 





tumor extended into the lateral third of the IAC. Once 
the classification was complete, the above cochlear 
and noncochlear groups were compared according 
to whether the tumor extension was partial or full. 


Statistical Methods. Statistical analyses were per- 
formed with Statistix (Analytical Software, Tallahas- 
see, Florida). Descriptive statistics were obtained for 
all variables, and if necessary, appropriate transfor- 
mations were used to normalize the data before para- 
metric statistical testing. Comparisons with respect 
to age, tumor size, PTAs, and SDSs of patients with 
full versus those with partial IAC tumor extension 
were performed with independent sample t-tests or, 
in the case of variables with extreme non-normality 
such as the SDS, the Mann-Whitney test. Associa- 
tions between extension categories and discrete vari- 
ables such as DPOAE type, gender, and site were 
assessed by x? tests. Separate univariate logistic re- 
gression analyses were used to assess the effect of 
each potential predictor of DPOAE category (cochlear 
versus noncochlear). Finally, multiple logistic regres- 
sion analyses were performed to assess the indepen- 
dent effect of each potential predictor of DPOAE 
category after adjusting for the effect of the remain- 
ing independent variables included in the model. 


RESULTS 


Characteristics of the patients (mean + SD, range, 
and percentages) are presented in Table | for the en- 


TABLE 2. CROSS CLASSIFICATION OF PATIENTS 
(N = 86) BY EXTENSION OF ACOUSTIC NEUROMA 
INTO INTERNAL AUDITORY CANAL AND PATTERN OF 
DISTORTION-PRODUCT OTOACOUSTIC EMISSIONS 


Full Partial Tota! 
Extension Extension Extension 
Pattern No. %o No. Ob No. Ob p 
Cochlear 32 559.2 20 71.4 52 60.5 .149 
Noncochlear 26 44.8 8 28.6 34 39.5 
Total 58 100.0 28 100.0 $86 100.0 




















tire group (n = 86) and by tumor extension (full ver- 
sus partial). Patients with full IAC extension were 
younger, had slightly larger average tumor size, and 
had higher PTAs and lower SDSs. None of the differ- 
ences was statistically significant, but differences in 
PTA and SDS approached significance (p = .066 and 
p = .077, respectively). 


Table 2 shows the cross classification of the study 
patients by the extension of the AN into the IAC (full 
versus partial) and the DPOAE pattern (cochlear ver- 
sus noncochlear). Overall, the DPOAEs were classi- 
fied as cochlear in 52 cases (60.596). Among patients 
with full IAC tumor extension, 55.296 (32/58) had 
cochlear-type patterns of DPOAEs, whereas in pa- 
tients with partial IAC tumor extension, the corre- 
sponding proportion was 71.4% (20/28). However, 
the difference between these proportions was not sta- 
tistically significant (p = .149). 


Separate bivariate logistic regression analyses, with 
type of DPOAEs as the dependent variable, were per- 
formed (details not shown). None of the results was 
statistically significant, but the odds of cochlear-type 
DPOAEs were higher for males, right ears, larger 
tumor sizes, higher PTA levels, and partial exten- 
sion (odds ratio, 2.04; 9596 confidence interval, 0.77- 
5.26). These results for the effect of the tumor ex- 
tension on the DPOAE pattern remained virtually un- 
changed when we used several multiple logistic re- 
gression models. 


DISCUSSION 


The primary finding of this study was that the pat- 
terns of DPOAEs (cochlear and noncochlear) were 
not affected by the degree of IAC involvement by 
the ANs. Patients with tumors with full IAC exten- 
sion had a lower proportion of cochlear DPOAEs 
than did those with partial IAC extension. When the 
tumor filled the IAC (ie, full IAC extension), a little 
more than half of the patients (55.296) had cochlear- 
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type patterns of DPOAEs. Unexpectedly, when the 
. tumor extension in the IAC was partial, a majority of 
patients (71.4%) had a cochlear pattern of DPOAEs. 
This difference was not statistically significant. Al- 
though, in cases of full IAC extension, there was a 
tendency toward increased PTA thresholds (60.5 dB 
versus 48 dB) and lower SDSs (39.9% versus 55.3%), 
the differences were only marginally statistically sig- 
nificant. Furthermore, tumor size was not associated 
with the DPOAE pattern, although hearing loss was 
marginally correlated to tumor size, as has been found 
in other series.42-10 Tt has been generally accepted that 
. ANS cause hearing losses that result from dysfunc- 
tion in both the peripheral (cochlea) and central (neu- 
ral) auditory structures. The central effects have been 
presumed to be due to direct physical pressure on, 
and atrophy of, the eighth cranial nerve and the co- 
chlear nucleus as seen in some pathological speci- 
mens. 1512 The sensory component has been theorized 
to arise from any one or a combination of the follow- 
ing pathophysiological mechanisms: vascular com- 
promise, hydrops, degradation of inner ear fluids from 
tumor toxicity, deafferentation, and loss of efferent 
tuning.1..15.1^ Of these possible explanations for the 
effects of ANs on sensory hearing loss, vascular com- 
promise has been the most prominent notion.!? 


It was hypothesized for this study that when the 
fundus of the IAC was involved by, or when the en- 
tire canal was filled with, AN tumor, cochlear pat- 
terns would be more frequently observed. This hy- 
pothesis was based on the assumption that the tu- 
mors that caused reduction in cochlear function would 


need physical proximity to either the inner ear or the 
internal auditory artery, or both. The fundus and lat- 
eral portion of the IAC were free of disease in all 
those tumors categorized as having a partial IAC ex- 
tension. However, the lack of significant differences 
in any of the patient or tumor involvement character- 
istics between the cochlear and noncochlear groups 
suggested that the ANs exerted their negative effects 
on the cochlear component of hearing and OAEs in 
a manner that was independent of the extent of IAC 
involvement. In fact, the results of this study sug- 
gested a trend for noncochlear patterns of DPOAEs 
to occur more frequently than cochlear patterns when 
the IAC was full of tumor (71.4% versus 55.2%), sug- 
gesting that pressure on or invasion into the cochlear 
nerve by the tumor was more commonly the patho- 
physiological mechanism of hearing loss in these 
cases. These results suggested that direct toxicity via 
proximity or microinvasion into the inner ear is less 
likely to be the mechanism of cochlear dysfunction, 
or at least, that close physical proximity of tumor to 
the vestibule or inner ear is not necessary for the AN 
to negatively affect cochlear function. This idea fa- 
vors a retrograde transport or some remote mecha- 
nism whereby the inner ear can be affected by the 
tumor without physical contact. 


CONCLUSION 
The DPOABs of patients with ANs demonstrate 
either cochlear or noncochlear patterns of acoustic 
emissions. In this study, these DPOAE patterns were 


not significantly associated with the degree of AN 
tumor involvement in the IAC. 
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Laryngeal tuberculosis is usually a complication of pulmonary tuberculosis. Recent studies have described a change in the 
clinical features of laryngeal tuberculosis. We present 15 cases of laryngeal tuberculosis treated at the Osaka Prefectural Habikino 
Hospital between 1993 and 2000. The results showed a mean age of 51 years, a male predominance by 2.75 to 1, and a 20% incidence 
(n = 3) of negative chest radiographic findings. The prominent presenting symptom was hoarseness (73.3%), and systemic symptoms 
were relatively rare. Seven patients showed ulcerative lesions, 5 showed granulomatous lesions, and the remaining 3 showed nonspe- 
cific inflammatory lesions in the larynx. Laryngeal lesions did not show any predilection for specific laryngeal sites in our series. In 
contrast to earlier studies, our study shows variations in clinical features of laryngeal tuberculosis. Physicians should consider 


tuberculosis in the differential diagnosis of laryngeal disease. 


KEY WORDS — hoarseness. laryngeal tuberculosis, larynx. 


INTRODUCTION 


In the preantibiotic era, laryngeal tuberculosis was 
considered the most common disease of the larynx, 
affecting 37% of patients with pulmonary tubercu- 
losis.! Laryngeal tuberculosis has become quite rare 
with the advent of antituberculosis chemotherapy. 
However, since 1990, the topic has gained new in- 
terest, because of the newly rising incidence and 
changing behavior of the disease.?^? The emergence 
of acquired immunodeficiency syndrome and other 
immunosuppressive diseases or treatments will fur- 
ther increase the incidence and spectrum of tubercu- 
losis.* The aim of this study is to evaluate the chang- 
ing trends in clinical manifestations of laryngeal tu- 
berculosis. 


MATERIAL AND METHODS 


The records of all patients admitted to Osaka Pre- 
fectural Habikino Hospital between 1993 and 2000 
with the diagnosis of laryngeal tuberculosis were re- 
viewed, and 15 cases were identified. Criteria for di- 
agnosis were histologic examination of biopsy speci- 
mens, positive smear tests and sputum cultures, and 
response to tuberculosis therapy. The patients’ rec- 
ords were reviewed for the presenting symptoms, site 
and appearance of the lesion, chest X-rays, histologic 
examinations, smear tests, sputum cultures, poly- 


merase chain reaction (PCR) tests, and purified pro- 
tein derrvative tests. 


RESULTS 


The patients ranged in age from 25 to 78 years, 
with an average of 51.1 + 3.7 years (mean + SE), 
and included 11 men and 4 women (male-to-female 
ratio, 2.75 to 1). The symptoms encountered, in or- 
der of frequency, included hoarseness (73.396, n = 
11), cough (66.7%, n = 10), odynophagia or pharyn- 
godynia (60.0%, n = 9), weight loss (46.7%, n = 7), 
and dysphagia (26.7%, n = 4). 


The various fiberoptic findings (see Figure) were 
categorized into 3 different appearances: ulcerative 
lesions (n = 7), granulomatous lesions (n = 5), and 
nonspecific inflammatory lesions (n = 3; Table 1). 
All ulcerative lesions manifested as multiple lesions. 
However, most granulomatous lesions were single 
lesions (Table 1; X? test, p < .05). The ulcerative le- 
sions did not show a predilection for any specific la- 
ryngeal site, whereas granulomatous lesions com- 
monly involved the epiglottis, true and/or false vo- 
cal cords, and ventricle (Table 2). In 4 cases (3 with 
ulcerative lesions and | with granulomatous lesions), 
carcinoma of the larynx was the presumed diagnosis 
on admission. 


The results of the investigations are presented in 
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Laryngeal tuberculosis. A) Ulcerative lesions (arrows) of true and false vocal cords, ventricles, and arytenoid car- 
tilages in 46-year-old woman. B) Granulomatous lesions (arrows) of left-side false vocal cord in 69-year-old man. 


Table 3. Twelve of the 15 cases showed radiographic 
evidence of active pulmonary tuberculosis. A biopsy 
specimen was obtained from 8 patients, and only 4 
patients showed histologic features of tuberculosis. 
In 1 of the 4 histologically negative cases, 3 separate 
biopsies all demonstrated nonspecific results. 


Most of the patients with ulcerative and granulo- 
matous lesions showed active pulmonary disease, 
whereas most of the patients with nonspecific inflam- 
matory lesions showed normal lung status (Table 4; 
x2 test, p < .001). 


DISCUSSION 


Laryngeal tuberculosis continues to occur despite 
extensive tuberculosis eradication campaigns. Since 
1997, after declining in incidence for decades in Ja- 
pan, tuberculosis has again shown a worrisome steady 
increase.? Therefore, laryngeal tuberculosis is likely 
to be encountered by an increasing number of physi- 
cians. Most physicians, however, do not consider tu- 
berculosis in the differential diagnosis of various la- 
ryngeal symptoms, and this oversight leads to mis- 
diagnosis and inappropriate treatment.? 


[n the past, tuberculosis was usually encountered 


TABLE 1. CATEGORIZED FINDINGS OF FIBEROPTIC 
LARYNGEAL EXAMINATION S 


Single Multiple __ Total 


























Fiberoptic Findings Lesions Lesions No. % 
Ulcerative 0 7 7 46.7 
Granulomatous 4 | d. 3 
Nonspecific inflammatory 2 | a 20.0 
Total 6 9 15 


Y? = 8.89, p « .05. 











in men under 40 years of age. More recent reports 
have indicated that patients presenting with laryn- 
geal tuberculosis tend to be in the fifth to sixth de- 
cades. The mean age of our population was 51.1 
years. The predominance of males among patients 
has long been accepted, with most reports showing a 
male-to-female ratio ranging from 2:1 to 3:1.^^ A 
ratio of 2.75 to 1 was observed in our series. 

The clinical picture of laryngeal tuberculosis has 
changed. Previously, patients demonstrated advanced 
pulmonary disease with a productive cough and 
marked constitutional symptoms such as fever, 
weight loss, and night sweats.” During the past 2 
decades, the incidence of constitutional symptoms 
has been variable. The main presenting symptom in 
this study was hoarseness, in accordance with recent 
reports.9-^ In this study, systemic symptoms were 
relatively rare. 

The laryngeal lesions showed no predilection for 
any laryngeal sites in our cases, as noted by other 
authors.®-8.? Posterior laryngeal involvement (aryte- 
noid) due to pooling of the infected sputum In a re- 
cumbent patient, although classically described,” did 
not predominate. Some authors attribute anterior la- 


TABLE 2. TUBERCULOUS LESION SITES INVOLVED 
IN LARYNX IN FIFTEEN CASES 








False 
True Vocal 
Vocal Cord o! 
Epiglottis Cord Ventricle Arytenoid 
Ulcerative 6 5 5 5 
Granulomatous 2 3 2 | 
Nonspecific 0 2 | | 


inflammatory 
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TABLE 3. INVESTIGATIONS IN FIFTEEN CASES OF 
LARYNGEAL TUBERCULOSIS 





Chest Smear 

X-ray Histology Test Culture PCR PPD 
Positive 12 4 9 14 4 6 
Negative 3 4 6 | 0 2 
No record 0 7 0 0 11 7 


PCR — polymerase chain reaction test; PPD — purified protein de- 
rivative test. 





ryngeal involvement (epiglottic) to the predominance 
of lymphatic or hematogenic spread, rather than di- 
rect spread from advanced pulmonary lesions.?-8-10 
This mechanism may account for the 20% incidence 
of negative chest radiographic findings seen in this 
study. 

Recent studies have shown that in the majority of 
cases, the lesion is hypertrophic or even exophytic 
and is not easily distinguished from chronic laryngi- 
tis.^^? [n our cases, however, ulcerative lesions were 
predominant, with involvement of multiple sites. The 
appearance of laryngeal tuberculosis has been vari- 
able. Thaller et al’ suggested that it depends upon 
the location of the lesions. If the mucosa is adherent 
to the underlying structures, as in the true vocal cord 
area, ulceration is a common manifestation. 


It has been reported that laryngeal tuberculosis oc- 
curs with a lesser degree of pulmonary involvement? 
In our study, when the lesion appeared to be more 
nonspecific, there was less incidence of pulmonary 
involvement, and when the lesion appeared to be 
more ulcerative and granulomatous, there was greater 
incidence of active pulmonary involvement. This 
finding implies that the clinical changes of laryngeal 
tuberculosis are linked with lesser or minimal pulmo- 


TABLE 4. STATUS OF LUNG ACCORDING TO 
FIBEROPTIC FINDINGS 





Lung Nonspecific 

Status Ulcerative Granulomatous Inflammatory Total 
Active 6 3 l 12 

disease 
Normal | 2 3 
Total 7 5 3 15 


x? = 15.00, p < .001. 


nary alterations. Our results agree with the report by 
Shin et al.? 


Positive histologic findings were noted in only 4 
of 8 cases. In 1 case with an ulcerative lesion, 3 sepa- 
rate biopsies all demonstrated nonspecific results. Al- 
though a high rate of positivity was found on spu- 
tum culture and PCR testing, sputum culture gener- 
ally requires several weeks, and PCR testing may give 
false-positive results.!! Because each examination 
has advantages and disadvantages, physicians should 
combine and repeat examinations for definitive diag- 
nosis of laryngeal tuberculosis. 


The typical patient with laryngeal tuberculosis is 
also at high risk for laryngeal carcinoma. Moreover, 
laryngeal carcinoma is more common than laryngeal 
tuberculosis.? The danger of misdiagnosis of laryn- 
geal tuberculosis as laryngeal cancer is evident.? In 
our study, 4 patients were initially considered to have 
neoplastic lesions of the larynx. Physicians should 
consider tuberculosis in the differential diagnosis of 
laryngeal disease. Early diagnosis is important for 
prompt treatment and to minimize both possible com- 
plications in the patient and excessive exposure to 
hospital personnel.’ 
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The eustachian tube epithelial cells play an important role in the initial pathogenesis of otitis media. In order to study the role of 
the eustachian tube epithelial cells in the pathogenesis of otitis media, we have established a rat eustachian tube epithelial cell line. 
The cell line was derived by infecting primary cultures of eustachian tube epithelial cells with the adenovirus 12—simian virus 40 
(Ad12-SV40) hybrid virus. The immortalized cells have retained the morphological characteristics of the parental cells and show 
positive staining with anti-cytokeratin antibodies (a marker for epithelial cells), but not with anti-vimentin antibodies (a fibroblast 
marker). The cells have been in continuous culture for more than 10 months and have undergone 38 passages. Western blotting and 
cell staining have confirmed the expression of the SV40 T antigen and p53. Chromosomal analysis indicates that the cell line is 
aneuploid and derived from male rat epithelial cells. Together, our results suggest that the cell line originated from eustachian tube 
epithelial cells from a male rat and was successfully immortalized by the Ad12-SV40 virus. 


KEY WORDS — adenovirus 12-simian virus 40 hybrid virus, cell line, eustachian tube epithelial cell, immortalization, primary 


culture. 


INTRODUCTION 


It is believed that the normal mucosal functions 
of the eustachian tube provide the first line of de- 
fense against otitis media and that the epithelial cells 
of the eustachian tube play a very important role in 
maintaining the sterility of the middle ear. The tube 
is.the portal through which pathogens of the upper 
respiratory tract can gain access to the middle ear 
cavity, and there is abundant epidemiological and 
clinical evidence supporting the idea that the dysfunc- 
tion of the mucosal defense system of the eustachian 
tube, including the dysregulation of periciliary fluid, 
is an important predisposing factor in the pathogene- 
sis of otitis media.! Under normal conditions, eusta- 
chian tube epithelial cells secrete antimicrobial mole- 
cules, as well as surfactants, and regulate the pericili- 
ary fluid that is necessary for the proper functioning 
of the mucociliary system of the eustachian tube.?? 


Although much stands to be gained from the un- 


derstanding of the molecular basis of the changes 
that eustachian tube epithelial cells undergo during 
the pathogenesis of otitis media, our knowledge in 
this area remains limited. This has been, in part, due 
to the difficulty in obtaining sufficient amounts of 
eustachian tube tissue, thus rendering the task of es- 


tablishing primary cultures of the epithelial cells very 
labor-intensive. Furthermore, once established, the 
limited life span of the primary cultures makes these 
cells suboptimal for studies that require long-term cul- 
ture or those that require large numbers of cells. The 
availability of the immortalized eustachian tube epi- 
thelial cells will help to increase our understanding 
of the normal defense mechanisms of the eustachian 
tube that make the tube an effective barrier against 
pathogens. Such mechanisms include the expression 
of the myriad of protective molecules or changes in 
the interactions between tubal epithelial cells and 
pathogens. The cell line will also enable us to carry 
out in vitro studies such as those aiméd at analyzing 
global gene or protein expression patterns in response 
to pathogens or other stimuli. The results obtained 
from such experiments could potentially lead to the 
identification of key molecules whose modulation 
or manipulation may open new avenues for the ther- 
apy of otitis media. 


In the past several years, investigators have estab- 
lished primary cultures and immortalized lines of mid- 
dle ear epithelial cells from a variety. of species.9? 
There have been no reports, however, of primary cul- 
tures or immortalized lines derived from eustachian 
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tube epithelial cells. In this study, we report the first 
successful establishment and characterization of a 
rat eustachian tube epithelial cell line (RETEC). 


MATERIALS AND METHODS 


Animals and Culture Media. A total of 25 healthy 
rats (Wistar-Kyoto; body weight, 200 to 300 g) with- 
out middle ear disease were supplied from Taconic 
(Germantown, New York) for this study. The culture 
medium used consisted of LHC-8 medium (Bio- 
fluids, Inc, Rockville, Maryland) supplemented with 
296 fetal bovine serum (Gibco, Gaithersburg, Mary- 
land), retinoic acid (3.3 x 1076 mol/L; Sigma, St Louis, 
Missouri),!? penicillin G (100 ug/mL), streptomy- 
cin (100 ug/mL), and amphotericin B (0.25 ug/mL). 


Primary Cultures. Under ketamine hydrochloride 
anesthesia, the rats were painlessly sacrificed by cer- 
vical dislocation and decapitated. The head of the 
rat was cut open along the sagittal midline under a 
dissection microscope. The inner side of the bulla 
and the eustachian tube were dissected out, and the 
tube with the tubotympanic orifice was cut off. The 
tube was cut open from the orifice, and the mucosal 
explants of the tube were harvested. The explants 
were immersed in normal saline solution with anti- 
biotics (penicillin G 100 ug/mL, streptomycin 100 
ug/mL, amphotericin B 0.25 ug/mL; Sigma) for | 
hour at 4°C in order to minimize the possibility of 
bacterial contamination. The explants were plated in 
35-mm tissue culture dishes coated with collagen type 
I (Biocoat, Bedford, Massachusetts) and incubated 
with a small amount of culture medium at 37°C in 
5% carbon dioxide. After 24 hours, 2 mL of the cul- 
ture medium was added to each dish. When out- 
growths were observed, the culture medium was 
changed twice per week for continuing growth. By 
the 10th day, all explants were removed. If fibro- 
blasts were observed in the outgrowth, they were 
physically removed with a surgical scalpel under the 
microscope. 


Infection With Ad12-SV40 Hybrid Virus. Once at 
80% confluence, the cultures were infected with 0.2 
mL of adenovirus 12-simian virus 40 (Ad12-SV40) 
hybrid virus (1:10 dilution) per dish and incubated 
for 72 hours. The culture medium was then removed, 
and 2 mL of fresh medium was added to each dish. 
These cells were allowed to grow to 100% confluence 
and were then subcultured. From passages 7 to 9, a 
cytopathic effect assay was used to detect viral in- 
fection.!! Briefly, the supernatant of the virus-infected 
eustachian tube epithelial cells was inoculated into 
Vero cell cultures. At day 21, if the Vero cells died or 
contained sick cells, the culture was determined to 
be a virus producer. 


Single-Cell Clones. This procedure was carried out 
for the virus-infected rat eustachian tube epithelial 
cells at passage 10 by use of the limiting dilution 
method. The virus-infected cells were trypsinized and 
then washed with phosphate-buffered saline solution 
(PBS; pH 7.2). The cells were then resuspended in 
PBS at a concentration of 3 cells per milliliter. Then, 
0.3 mL of the cell suspension was added to each well 
of a microtiter plate (96 well). After 6 hours, the wells 
were observed under the microscope, and all single- 
cell wells were selected for continuous culture. The 
clone with the best growth characteristics was se- 
lected and designated as the RETEC. 


Proliferation and Doubling Time. In order to de- 
termine the proliferative ability of the cells, we con- 
structed a growth curve and calculated the doubling 
time (DT) for the RETEC line. Briefly, 1 x 10? cells 
were seeded per 60-mm Petri dish. With a hemocy- 
tometer, the cell number in 3 dishes was determined 
daily, and the average cell number was calculated. 
On day 8. the growth curve was constructed, and the 
population DT was calculated by the following for- 
mula: DT = T/x, where T = total time elapsed and x 
= number of generations. LogN = LogNo + xLog2 
where N = final number of cells, NO = initial number 
of cells. 


Morphological Studies. For light microscopy, the 
RETECs were cultured in 75-mm flasks and 60-mm 
Petri dishes. In some cases, the cells were cultured 
on glass coverslips (BioCoat, Fort Washington, Penn- 
sylvania), fixed with a mixture of 2% paraformal- 
dehyde and 0.5% Triton X-100 in PBS, and then 
mounted on glass slides. The cells were examined 
and photographed with a phase contrast microscope 
(Zeiss Axiovert 25, Munich, Germany). For scanning 
electron microscopy (SEM), the cells were cultured 
on glass coverslips, and after rinsing with PBS, they 
were fixed overnight with 2.5% glutaraldehyde in 
0.1 mol/L cacodylate buffer. After washing with cac- 
odylate buffer, the cells were then immersed in a satu- 
rated solution of thiocarbohydrazide and incubated 
in 1% osmium tetroxide. After graded dehydration 
with ethanol, the specimens were critical point dried 
with carbon dioxide, coated with gold, and then ex- 
amined by SEM (Hitachi, S-3200N, Tokyo, Japan). 
For transmission electron microscopy (TEM), cells 
were grown on plastic coverslips (Nunc, Naperville, 
Illinois) or on semipermeable membranes (Costar 
Corp, Cambridge, Massachusetts). In either case, the 
cells were fixed with 2.5% glutaraldehyde in 100 
mmol/L sodium cacodylate buffer (pH 7.2) for 2 
hours at room temperature. After washing in caco- 
dylate buffer, ihe cells were postfixed in 1% osmium 
tetroxide for | hour and dehydrated in ethanol. The 
specimens were then embedded in epoxy resin. For 
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Fig 1. Growth curve of rat eustachian tube epithelial cell 
line (RETEC). Immortalized rat eustachian tube epithe- 
lial cells show strong growth capability. 


the cells grown on membrane filters, the filters were 
cut into small pieces and embedded in flat molds. 
For the cells grown on coverslips, on the other hand, 
the coverslips were inverted, cell-side down, onto 
silicone rubber molds filled with freshly mixed resin. 
The epoxy resin was cured at 60°C for 24 hours, and 
the plastic coverslip was removed from the resin 
block and immersed in liquid nitrogen. Ultrathin sec- 
tions were prepared and stained with uranyl acetate 
and lead citrate. The sections were visualized by TEM 
with a CM120 Biotwin FEI microscope (Philips, 
Portland, Oregon). 


Immunocytochemistry. An indirect immunofluo- 
rescence method was used to stain for SV40 T anti- 
gen, p53, cytokeratin, and vimentin. Briefly, cells cul- 
tured on collagen type I-coated coverslips were fixed 
with prechilled methanol (—20°C) for 20 minutes, per- 
meabilized with acetone (4?C) for 2 minutes, dried, 
and then rinsed with PBS. The cells were blocked 
with 10% normal goat serum for 30 minutes at 37°C. 
The cells were then incubated with an anti-pancyto- 
keratin antibody, the monoclonal antibody K4.62 
(which labels cytokeratin 19), and a monoclonal anti- 
vimentin antibody? (Sigma) for 5 hours at room tem- 
perature. After washing, the coverslips were covered 
with fluorescein isothiocyanate (FITC)—labeled goat 
anti-mouse IgG (Oncogene Science) and incubated 
for 1 hour at 37°C. 


For ZO-1 staining, the cells cultured on the cover- 
slips were fixed and permeabilized with a mixture 
of 2% paraformaldehyde and 0.5% Triton X-100 in 
PBS for 20 minutes at room temperature. The cells 
were blocked with a mixture of 3% goat serum and 
3% fetal bovine serum in PBS for 30 minutes at 37°C. 
After washing, the coverslips were incubated with a 
rabbit anti-ZO-1 antibody (kindly provided by Dr 
Parviz Farshori, Laboratory of Cellular Biology, Na- 
tional Institute on Deafness and Other Communica- 
tion Disorders, Bethesda, Maryland) for 1 hour at 


CHARACTERISTICS OF RAT EUSTACHIAN TUBE 


EPITHELIAL CELL LINE 
Life span (passages) >38 
Doubling time in log phase (h) 36.92 
No. of generations in log phase 2.60 
Saturation density (60-mm dish) 7.71 x 10° 
Cobblestonelike appearance + 
Dome formation + 
Tight junction presence + 


Colony formation in soft agar 

Vimentin staining = 
Pancytokeratin staining + 
ZO-1 staining + 
Simian virus 40 staining + 
p53 Staining + 


37°C, and then incubated with the anti-rabbit IgG 
antibody conjugated with FITC for 1 hour at 37°C. 
Vero cells were used as a negative control. All cov- 
erslips were mounted on glass slides with glycerin 
mounting gel and then observed and photographed 
with a light microscope equipped with incident-light 
fluorescence (Zeiss, Axiovert 135). 


Colony Formation in Soft Agar. Cell suspensions 
of the RETEC (5 x 104 cells per milliliter) in 2 mL of 
0.36% Noble agar with culture medium were over- 
laid onto a60-mm Petri dish containing 5 mL of 0.96% 
base agar. Human epidermal carcinoma (KB) cells 
were used as a positive control. The plates were 
checked after 21 days, and any colony larger than 
0.125 mm in diameter was counted. 


Western Blotting. The Western blot method of 
Towbin et al!3 was used with modification. Confluent 
cultures of the cells were washed with PBS (pH 7.2) 
and suspended in a buffer containing 0.1 mol/L so- 
dium chloride and 0.01 mol/L Tris (pH 7.6) with a 
protease inhibitor cocktail and pepstatin (Boehringer 
Ingelheim, Biberach, Germany) at 4°C. One volume 
of sodium dodecyl sulfate—polyacrylamide gel elec- 
trophoresis (SDS-PAGE) loading buffer was added, 
and the mixture was boiled for 10 minutes before 
running on a 7.2% SDS-PAGE gel. The proteins were 
transferred from gels onto nitrocellulose membranes 
at 250 mV for 3 to 4 hours in Bio-Rad transfer buffer 
(pH 7.5; Hercules, California). After blocking with 
3% skim milk, the membranes were incubated with 
mouse monoclonal antibodies against SV40 T anti- 
gen or p53 for 2 hours and then with alkaline phos- 
phatase conjugated anti-mouse IgG for 1 hour. The 
membranes were developed in 5-bromo-4-chloro-3- 
indolyl phosphate-nitro blue tetrazolium salt (BCIP/ 
NBT) substrate solution (Sigma) to visualize the 
bands. All procedures were performed at room tem- 
perature. 


Chromosomal Analysis. At passage 18, species-spe- 
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Fig 3. A) Scanning electron micrograph of RETECs. Dis- 
tinct cell margins can be seen between cells (arrowheads), 
as Can Numerous microvilli on cell surface. Microvillus 
density varies from cell to cell (single and double aster- 
isks). B) Transmission electron micrograph of RETECs 
shows that they have retained epithelial cell characteris- 
tics such as presence of microvilli on their apical surface 
and existence of junctional complexes (tight junctions 
and desmosomes) on their basolateral surface. Scale bar 
— lum. 
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Fig 2. Phase-contrast light micrographs (original x320). A) Passage 18 RETEC, after 11 days in culture, shows 
cobblestonelike appearance, result of tight junction formation. B) Passage 19 RETEC, after 12 days in culture, 
shows dome formation. 


Hukku, Children’s Hospital of Michigan, Detroit, 
Michigan. 


RESULTS 


Primary Culture and Immortalization. By the third 
day after explantation, an outgrowth of the epithe- 
lial cells was observed in most explants. The cell 
monolayer was 80% confluent on day 23, when the 
cultures were infected with the Ad12-SV40 hybrid 
virus. Six weeks after virus infection, 2 of the 4 vi- 
rus-infected cultures displayed higher growth. These 
high-growth cells attained confluence within | week 
and were then subcultured at a 1:2 ratio at passage 4. 
At passage 10, cells were cloned, and 1 (No. 3) of 7 
single-cell clones was selected and cultured further. 
This virus-infected eustachian tube epithelial cell 
clone has undergone 38 passages over 10 months, and 
has been designated Rat Eustachian Tube Epithelial 
Cell Line (RETEC). Vero cell cultures that were in- 
oculated with the supernatant of RETECs showed 
no evidence of virally infected or dead cells. 


Proliferation and Doubling Time. The growth curve 
of the RETECs contains obvious lag and log phases, 
with negligible growth occurring during the lag phase 
and exponential growth taking place during the log 
phase (Fig 1). At day 8, the generation number of 
the RETECs was 2.93, and the average doubling time 
was 65.75 hours, whereas during the log phase, the 
generation number and the doubling time were 2.60 
and 36.92, respectively (see Table). The RETECs 
showed a weak negative proliferation after 8 days, 
and the saturation density of the cells in the 60-mm 
Petri dish was 7.71 x 10° during the 8-day growth 
period. 


Morphology. When trypsinized and plated on a cul- 
ture surface, the RETECs were initially spherical, but 
by about 7 hours, filopodia could be seen. The ends 
of the filopodia commonly displayed a branched 
shape and gradually became wide, with ruffled edges. 
The cells first established contact with one another 
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Fig 4. Indirect immunofluorescent labeling of RETECs with anti-cytokeratin and anti-vimentin antibodies. A) Positive label- 
ing of RETECs by monospecific anti-cytokeratin antibody K4.62, which reacts with cytokeratin 19. B) Negative staining of 


RETECS by anti-vimentin antibody. 


via the filopodial projections, but once confluent, the 
cells formed tight junctions and took on the typical 
polygonal cell shape and cobblestonelike appearance 
(Fig 2A). The monolayers of the RETECs were of- 
ten punctuated with the “dome” formations!* that re- 
sult from the accumulation of fluid in cavities be- 
tween the epithelial cell monolayer and the surface 
of the Petri dish (Fig 2B). 


Under SEM, the RETECs showed different cell 
sizes and distinct margins between the cells (Fig 3A). 
Microvilli, but not cilia, were also observed on the 
cell surface. The density of the microvilli varied from 
cell to cell, and the distribution of the microvilli could 
vary on the surface of one cell. Additionally, TEM 
studies showed that the microvilli were present on 
the apical surface of the cells and that junctional com- 
plexes (tight junctions and desmosomes) were ex- 
pressed on their basolateral surface, consistent with 
their epithelial origin (Fig 3B). 


Immunocytochemistry. The RETECs showed posi- 





Fig 5. Antibody against ZO-1 labels tight junctions of 
RETECs and shows that cells have typical polygonal pat- 
tern. 


tive staining with an anti-pancytokeratin antibody and 
the monoclonal antibody, K4.62, which recognizes 
cytokeratin 19 only. The cells did not stain w ith anti- 
vimentin antibody (Fig 4). Staining for ZO- 1, a pro- 
tein found in epithelial cell tight junctions, was also 
positive in the RETECs (Fig 5), but not in Vero cells 
(data not shown). 


Colony Formation in Soft Agar. After 21 days of 
growth in soft agar, the RETECs showed no sign of 
colony formation, whereas the KB epidermal carci- 
noma cells had formed numerous colonies. 
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Fig 6. Western blot analysis of RETEC. Lane | is mo- 
lecular weight markers. Lane 2 is approximately 94 kd 
band detected by antibody against simian virus 40 (SV40) 
large T antigen. Smaller band may be product o! partial 
degradation of SV40 large T antigen. Lane 3 is approxi- 
mately 53 kd band detected by antibody against p53. 
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Western Blotting. In Western blots of the immor- 
talized RETECs, a 94 kd band was observed with a 
monoclonal antibody against SV40 T antigen, and a 
53 kd band was seen with a monoclonal antibody 
against p53 (Fig 6). 


Chromosomal Analysis. Chromosomal analysis of 
the RETECs revealed that the cells were aneuploid 
and derived from a male rat (X Y Y/XXY Y ). Most of 
the chromosome counts reflected hypotetraploidy, 
with 93% of the counts in the 68 to 77 range (2N = 
42; Fig 7). All of the cells reacted with fluorescein- 
conjugated anti-rat antiserum and for 7 rat marker 
chromosomes. Cells other than those of the cell line 
were not detected in the culture by cytogenetic evalu- 
ation. Isozyme analysis and reactions with antisera 
proved that there was no contamination with other 
cell lines. 


DISCUSSION 


The Ad12-SV40 hybrid virus has been used to 
immortalize several cell types from various ori- 
gins.?./?-1? The hybrid virus produces messenger 
RNA from the transforming region of SV40, but not 
from the early | region of adenovirus 12.20 The SV40 
T antigen plays an important role in the immortali- 
zation process. The binding of SV40 T antigen to the 
protein product of the tumor suppressor gene p53, 
which is expressed at high levels in SV40 T antigen 
transformed cells, appears to be essential for extend- 
ing the proliferative potential of human fibroblasts.?! 


Typically, the rodent cells isolated from normal tis- 
sue will complete a given number of generations in 
vitro, display a decreased growth potential with in- 
creasing passages, and eventually stop growing and 
die. The RETECs, in contrast, began to display an 
enhanced growth rate starting at the fourth passage, 
and have been successfully propagated since that 
time: 38 passages over 10 months. The growth curve 
of the RETECS indicates that they have a strong pro- 
liferative potential, similar to that seen in immortal- 
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Fig 7. Karyotype analysis. RETECS are of 
male origin and hypotetraploid, with 93% 
of chromosome counts in 68 to 77 range (2N 
= 42). 
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ized rat? or chinchilla?? middle ear epithelial cells. 
The presence of a 94 kd band detected by the SV40 
T antigen antibody and a 53 kd band detected by the 
p53 antibody in Western blot analysis is consistent 
with the expression of SV40 T antigen and p53 by 
these cells. The cells did not display a fully trans- 
formed phenotype or malignant growth,!? as evi- 
denced by the lack of colony formation in soft agar 
and the absence of foci in confluent monolayers.?22: 
Chromosomal analysis revealed that the RETEC line 
consists of male aneuploid rat cells. These results 
indicate that the RETEC line has been immortalized 
by an increase in the expression of the SV40 T anti- 
gen and of p53. 


Cytokeratin and vimentin are 2 of the 5 major types 
of intermediate filaments that constitute the cyto- 
skeleton. Cytokeratin, which consists of 19 distinct 
polypeptides in human epithelial cells, is a specific 
marker for these cells, whereas vimentin is a marker 
for cells of mesenchymal origin,?4-25 such as fibro- 
blasts. Although the expression of cytokeratin in rat 
middle ear epithelial cells has been reported, there 
have been no reports demonstrating expression of 
cytokeratin in rat eustachian tube epithelial cells. For 
our studies, we used 13 types of cytokeratin antibod- 
ies as epithelial markers for RETECs. The immortal- 
ized cells were positive for cytokeratin polypeptide 
19. An antibody to vimentin, however, did not stain 
the RETECs, whereas Vero cells were strongly stained 
by this antibody. The presence of tight junctions in 
the RETECs was confirmed by staining with an an- 
tibody against ZO-1, a protein in tight junctions of 
mammalian epithelial and endothelial cells.26 


Morphologically, RETECs are polygonal in shape, 
have tight junctions, grow in monolayers, and have 
a cobblestonelike appearance with numerous micro- 
villi; these findings suggest that this cell line has 
maintained the differentiated morphological charac- 
teristics of cultured epithelial cells. Dome formation 
by RETECs indicates that they are involved in ion 
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and water transport and that the monolayer is com- 
posed of functioning polarized epithelial cells.27:28 
Together, these results suggest that the cell line in- 
deed originated from epithelial cells. 


In summary, an RETEC line was successfully es- 
tablished by infecting primary cultures of rat eusta- 
chian tube epithelial cells with the Ad12-SV40 hy- 





brid virus. The cell line retains differentiated charac- 
teristics of normal rat epithelial cells, has been in con- 
tinuous culture for nearly a year, and does not dis- 
play malignant growth characteristics. This cell line 
will be useful for studying the normal biology of the 
eustachian tube epithelial cells, as well as for eluci- 
dating the cellular and molecular mechanisms in- 
volved in the pathogenesis of otitis media. 
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CELLULAR PROLIFERATION OF MUCOSA-ASSOCIATED LYMPHOID 
TISSUE WITH OTITIS MEDIA: A PRELIMINARY STUDY 
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Histopathologic and immunohistochemical analyses were used to investigate the cellular proliferation of mucosa-associated 
lymphoid tissue (MALT) in human temporal bones with and without evidence of otitis media (OM). Anti-proliferating cell nuclear 
antigen (PCNA) antibody (clone PC10) was applied after the antigen retrieval procedure. Positive PCNA expression was observed in 
temporal bones that had been stored for 10 to 31 years in 8096 ethanol. In specimens with purulent OM, the MALT had faint germinal 
centers (GCs). Positive PCNA expression in the MALT was moderate and scattered. In specimens with mucous OM, the MALT had 
complete GCs. Positive PCNA expression in the MALT was moderate to strong, and the distribution of PCNA-positive cells was 
associated predominantly in the GCs, the mucosal epithelial layer, and/or the subepithelial layer. In specimens with serous OM, the 
MALT also had complete GCs. However, the PCNA expression was weak and scattered, and appeared to be similar to that of the 
MALT in the temporal bones without OM. These results indicate that the cellular proliferation of MALT in the temporal bone might 
reflect the activity that produces secretory IgA against invasion of foreign antigens. However, further studies are needed to elucidate 
whether the PCNA expression within MALT in the eustachian tube and middle ear is associated with a mucosal immune response to 
inflammation as in OM. 
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INTRODUCTION 


Otitis media is one of the most common diseases 
of the middle ear (ME), especially among infants and 
children. In patients with otitis media (OM), inflam- 
matory cells are observed in the mucosa and the fluid 
in the ME lumen. Furthermore, mucosa-associated 
lymphoid tissue (MALT) is found frequently in the 
ME mucosa and the eustachian tube (ET) mucosa of 
patients with OM.!-? Matsune et al! found that 64% 
and 2146 of children with OM had MALT in the ET 
and the ME, respectively. Kamimura et al? found that 
MALT did not appear in the ET of neonates with 
OM, but that 6296 of infants and children with OM 
had MALT. Additionally, the prevalence of MALT 
in adults with OM (11%) was lower than that in in- 
fants and children statistically.? These studies sug- 
gest that MALT has a close relationship to OM and 
that it may be a local response to repeated infection. 


Mucosa-associated lymphoid tissue is character- 
ized histologically by rounded aggregations of lym- 
phocytes in the lamina propria, frequently with ger- 
minal centers (GCs). Immunohistologic studies of 
MALT in temporal bone,’ maxillary sinus,4 bron- 
chus,?"7 gut,?? and larynx!? have revealed a similar 


distribution of lymphocyte subsets. Tsurumaru? also 
presented evidence that lymphoid follicle formation 
in the intramaxillary mucosa could change in re- 
sponse to the phase of inflammation. This finding 
suggests that MALT may change its morphology to 
respond against antigens (antigen uptake and secre- 
tion of IgA). However, little is known about the for- 
mation of MALT in the ME and the ET, the prolif- 
erative potential of MALT, or how MALT secretes 
immunoglobulin. 


Proliferating cell nuclear antigen (PCNA) is a 
DNA polymerase-d—associated auxiliary protein that 
is involved in DNA synthesis and cellular prolifera- 
tion.!!.!* [n the field of human temporal bone re- 
search, anti-PCNA immunohistochemical staining 
has been used to investigate cellular proliferation in 
the inner ear,!? the tympanic membrane, !4 choleste- 
atoma,!>-!8 malignant melanoma,!? and acoustic neu- 
rinoma.^? Jokay et al!? stained formalin-fixed, tri- 
chloroacetic acid—decalcified, paraffin-embedded 
temporal bone specimens removed from fetuses (10 
to 14 weeks) with anti-PCNA antibody immunohis- 
tologically, and they found PCNA-positive cells in 
the cochlea. Wiet et al”? investigated PCNA in the 
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PCNA EXPRESSION IN MALT WITH AND WITHOUT OTITIS MEDIA 


Type of Distribution of 
Case Otitis Media Age Cause of Death Shape of GCs PCNA Expression* Positive Cells 
I Purulent I mo BEC syndrome Faint ++ Scattered 
2 Purulent ly Congenital heart disease Faint ++ Scattered 
3 Mucous 1 mo Hydrocephalus Complete +++ GCs, E, SE 
4 Mucous Sy Congenital heart disease Complete ++ GCs, E, SE 
5 Serous 9 mo Multiple congenital anomalies Complete + Scattered 
6 3 mo SIDS Complete + Scattered 


PCNA — proliferating cell nuclear antigen; MALT — mucosa-associated lymphoid tissue; GCs — germinal centers; EEC syndrome — 
ectrodactyly—ectodermal dysplasia-clefting syndrome; E — epithelium; SE — subepithelium; SIDS — sudden infant death syndrome. 


*- — weak; ++ — moderate; +++ — strongly positive. 


determination of growth rates in acoustic neurinoma 
and mentioned that the advantage of using the PCNA 
immunohistochemical technique is that it is useful 
for archival formalin-fixed, paraffin-embedded tis- 
sues. These reports suggested that PCNA immuno- 
histochemical staining is appropriate for archival hu- 
man temporal bone specimens that have been fixed 
in formalin, decalcified in trichloroacetic acid, and 
embedded in celloidin. 


This immunohistologic study examined the ex- 
pression of PCNA by MALT of the ME and the ET 
in cases of 3 different types of OM (purulent, mu- 
cous, and serous) and in 1 control case without OM. 
The aim of this study was, first, to confirm the feasi- 
bility of using anti-PCNA immunohistochemical 
staining in celloidin-embedded human temporal bone 
specimens after long-term storage and, second, to in- 
vestigate the relationship between the type of OM 
and PCNA expression of MALT and thus to eluci- 
date the function of MALT against invading antigens. 


MATERIALS AND METHODS 


Celloidin-Embedded Temporal Bone Sections. 
Temporal bones were obtained at autopsy and fixed 
in 10% formaldehyde solution. The specimens were 
decalcified in trichloroacetic acid, dehydrated in 
graded concentrations of ethanol, embedded in cel- 
loidin, and sectioned horizontally or vertically per- 
pendicular to the long axis of the ET at a thickness 
of 20 to 30 um.2! 


Specimens for Studying Immunoreactivity With 
PCNA in Long-Term Stored Celloidin-Embedded Tis- 
sue. To examine the expression of PCNA against the 
lymphoid tissue in celloidin-embedded specimens 
that have been stored long-term, we used sections of 
4 temporal bone specimens from 4 individuals, in- 
cluding lymphoid tissue (MALT in the ME or lym- 
phoid tissue in Rosenmüller's fossa). These tempo- 
ral bones were obtained at autopsy from 2 infants 
(both 1 month old) and 2 children (1 and 4 years 
old). The storage periods were 4, 10, 19, and 31 years. 


Specimens for Studying Cellular Proliferation of 


MALT With and Without OM. The unstained sections 
of 6 temporal bone specimens including MALT with 
and without OM were used. Those specimens were 
obtained at autopsy from 4 infants (1, 1, 3, and 9 
months old) and 2 children (1 and 5 years old): 1 
specimen was from a child without OM, 2 specimens 
were from children with purulent OM, 2 specimens 
were from children with mucous OM, and 1 speci- 
men was from a child with serous OM. The causes 
of the children's deaths and the correspondence be- 
tween their ages and the types of OM are described 
in the Table. The unstained specimens were preserved 
in 80% ethanol for 4 to 20 years previous to our im- 
munohistochemical staining. 


Histopathologic Staining. Every 10th or 20th sec- 
tion of the temporal bone was stained with hema- 
toxylin and eosin according to our standard tech- 
nique. 


Immunohistologic Staining. Unstained temporal 
bone sections were soaked in distilled water for 60 
minutes and then mounted on silane-coated glass 
slides. They were incubated in the antigen retrieval 
solution (saturated sodium hydroxide—methanol so- 
lution in methanol at a ratio of 1:3) for 30 minutes at 
room temperature,”2 and rinsed twice in 10096 metha- 
nol. Endogenous peroxidase was inactivated by in- 
cubation with 0.3% hydrogen peroxidase in 90% 
methanol. The temporal bone specimens were then 
rinsed in 70% methanol and 45 mmol/L phosphate- 
buffered saline solution (PBS, pH 7.3), respectively. 
Microwave antigen retrieval incubation was per- 
formed with 10 mmol/L ethylenediaminetetraacetic 
acid (pH 8.0, Sigma, St Louis, Missouri) in a micro- 
wave oven (H2500, Energy Beam Science, Agawan, 
Massachusetts) at 60°C for 5 minutes.?:2524 Nonspe- 
cific antigen binding was inhibited by incubation with 
blocking solution containing 2% nonfat dry milk, 2% 
normal goat serum, and 0.1% Triton X-100 (Sigma) 
for 1 hour at reom temperature. Biotinylated mono- 
clonal mouse antibody against PCNA (clone PC10) 
was obtained from Zymed Laboratories Inc (South 
San Francisco, California) and diluted to 1:20 with 
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Fig 1. Immunohistochemical staining for proliferating 
cell nuclear antigen (PCNA) in mucosa-associated lym- 
phoid tissue (MALT) of temporal bone stored in 80% 
ethanol for 31 years. Positive PCNA expression can be 
observed in germinal centers of MALT in middle ear mu- 
cosa (arrows). Bar — 50 um. 


PBS containing 1% bovine serum albumin (BSA; 
Sigma) and 0.1% Triton X-100. The sections were 
incubated with the anti-PCNA antibody at 4°C over- 
night. After rinsing in PBS, the sections were incu- 
bated with avidin-biotin-peroxidase complex (ABC; 


Vector Laboratories Inc, Burlingame, California) for 


. " ! 
| hour. The color was developed with 0.02% 3,3 - 
diaminobenzidine. 4-hydrochloric acid in 4% sodium 





acetate, plus 0.003% hydrogen peroxide. The sec- 
tions were dehydrated in a graded series of ethanol 
(7096, 8096, 9596, and 10096), and then immersed in 
xylene for 15 minutes twice. Finally, these sections 
were coverslipped and examined under a light mi- 
croscope. 


Normal goat serum was substituted for the anti- 
body as a negative control; celloidin-embedded lym- 
phoid tissue in Rosenmüller's fossa served as a posi- 
tive control. 


Criteria for Identifying OM. All cases had MALT 
in the ET or ME. Evidence of OM was defined as 
the presence of histopathologically confirmed inflam- 
matory cells and/or effusion in the ME. This histo- 
pathologic definition of OM includes cases of "si- 
lent OM” that have histopathologic evidence of ME 
inflammation but no clinical signs such as otorrhea 
or perforation.*> Otitis media was further defined by 
histopathologic conformation as purulent OM (nu- 
merous polymorphonuclear leukocytes in the effu- 
sion), mucous OM (granular mucosa and thick eo- 
sinophilic fluid including chronic inflammatory cells 
and mucous strands), or serous OM (homogeneous 
eosinophilic fluid containing few inflammatory 
cells).2° We defined normal (non-OM) cases by the 
absence of histopathologically identified inflamma- 


Fig 2. Purulent otitis media case. A) H & E staining of middle 
ear. There is purulent effusion (PU), predominantly containing 
neutrophils in tympanic cavity. Bar — 50 um; E — mucosal 
epithelium; SE — subepithelium infiltrated by inflammatory 
cells. B) H & E staining of MALT. MALT has faint germinal 
centers (GCs). Border between GCs and parafollicular area (PF) 
is ill defined. Bar — 100 um; EF — effusion. C) Immunohisto- 
chemical staining of MALT for PCNA. PCNA-positive reac- 
tion is mederate. Distribution of positive cells is scattered, but 
predominantly in GCs (arrows) and mucosal epithelium (arrow- 
head). Bar — 100 um. 
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Fig 3. Mucous otitis media case. A) H & E staining of mastoid bone. There is thick fluid that contains mucous strands (MS) 


and chronic inflammatory cells including plasma cells (arrows) and lymphocytes. Bar — 50 um; E - 


epithelium; EF 


effusion. B) H & E staining of MALT. MALT forms complete germinal centers (GCs) surrounded by parafollicular area (PF). 
Bar — 100 jum. C) Immunohistochemical staining of MALT for PCNA. Strong positive PCNA expression is observed. PCNA 
positive cells are predominantly in GCs (black arrows), in addition to mucosal epithelium (open arrow) and subepithelium 
(arrowhead). Bar — 100 um. D) High-magnification photograph of GC with anti-PCNA immunohistologic staining. Lympho- 
cytes show strongly positive PCNA expression (arrows). Bar — 25 um. 


tory cell infiltration in the ME mucosa and ME cav- 
ity. These definitions were adopted from previous 
articles. 


RESULTS 


Immunoreactivity for anti-PCNA antibody was ob- 
served in all specimens of lymphoid tissue that had 
been stored in 80% ethanol, even in 4 specimens 
stored for 4 to 31 years (Fig 1). 


PCNA Expression in MALT With and Without OM. 
In the temporal bones with purulent OM (Fig 2A), 
the MALT had poorly differentiated GCs (Fig 2B). 
Lymphocytes displaying moderate PCNA expression 
were found throughout the MALT, but were concen- 
trated near the base of the GCs (Fig 2C). In the tem- 
poral bones with mucoid OM (Fig 3A), the MALT 
had well-differentiated GCs (Fig 3B). Lymphocytes 
displayed moderate to strong PCNA activity. The dis- 
tribution of PCNA-positive cells was associated pre- 
dominantly with the GCs, especially the base of the 
GCs (Fig 3C,D). Additionally, there were some 
PCNA-positive cells invading the epithelium and/or 


subepithelial layer just above the MALT. In the tem- 
poral bone with serous OM (Fig 4A), the MALT had 
some complete GCs and revealed weakly positive 
PCNA expression. The distribution of PCNA-posi- 
tive cells was scattered (Fig 4B,C). In the temporal 
bone without OM, the MALT had complete GCs and 
revealed weakly positive PCNA expression. The dis- 
tribution of PCNA-positive cells in the MALT was 
scattered (Fig 5). These results are summarized in 
the Table. 


Controls. There was a strongly positive reaction 
of PCNA in the celloidin-embedded lymphoid tis- 
sue of Rosenmiiller’s fossa stained as the positive 
control. The distribution of PCNA-positive cells was 
diffuse. On the other hand, there were no stained cells 
observed in the negative control tissue. 


DISCUSSION 


In the present study, we were able to recognize 
positive PCNA expression after the antigen retrieval 
procedure in temporal bones that had been stored in 
80% ethanol for up to 31 years. These temporal bone 
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specimens were immersed in trichloroacetic acid for 
decalcification. Jokay et al!? performed an anti-PCNA 
immunohistochemical study on human temporal 
bones decalcified in trichloroacetic acid and reported 
PCNA-positive cells in the fetal cochlea. Thus, un- 
like that for other proteins,?/ the immunohistochemi- 
cal reaction for PCNA seems to be insensitive to acid 
treatment. Wolf and Dittrich?’ reported previously 
that the clone PCIO anti-PCNA antibody (used in 
our study) was superior to other anti-PCNA antibod- 
ies (clones 19A2 and 19F4) in recognizing the pro- 








Fig 4. Serous otitis media case. A) H & E staining of mastoid 
bone. There is homogeneous acellular effusion (EF) in tympanic 
cavity. Bar — 50 um; E — mucosal epithelium. B) H & E stain- 
ing of MALT. MALT has complete germinal centers (GCs). Bar 
— 100 um; PF — parafollicular area. C) Immunohistochemi- 
cal staining of MALT for PCNA. Positive PCNA expression is 
weak. Distribution of positive cells is scattered (arrows). Bar 
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tein after prolonged formaldehyde fixation. Qur re- 
sults indicate that the clone PC10 anti-PCNA is also 
suitable for studies of lymphoid tissue in archival 
temporal bones. 


The role of MALT in the common mucosal im- 
mune system (CMIS) has been elucidated gradually 
during the past decade. The MALT has been divided 
into 2 tvpes: 1) nasopharyngeal-associated lymphoid 
tissue (NALT) and bronchus-associated lymphoid tis- 
sue (BALT), and 2) gut-associated lymphoid tissue 


Fig 5. Non-otitis media case. A) H & E staining of MALT. MALT forms germinal centers (GCs). Bar — 100 um; E — 
mucosal epithelium; PF — parafollicular area. B) Immunohistochemical staining of MALT for PCNA. Positive PCNA expres- 
sion is weak. Distribution of positive cells is scattered (arrows). Bar — 100 um. 
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(GALT). In the CMIS, induction and proliferation 
of IgA-producing cells are most important for im- 
mune responses against foreign antigens. For exam- 
ple, Peyer's patches and the appendix play a role in 
GALT, which is considered a major IgA inductive 
site.2? The GALT includes T cells, B cells bearing 
surface IgA (slgA+), macrophages, and dendritic 
cells.29 A remarkable characteristic of GALT is the 
presence of a unique epithelium that covers the dome 
region, composed of follicular-associated epithelial 
cells (FAE cells)?? or microfold cells (M cells).?! 
Since this epithelium has pinocytotic and phagocy- 
totic activity, it is possible that FAE cells or M cells 
can act as epithelial antigen-presenting cells.?? The 
BALT” and MALT in the ET? have a number of mor- 
phological similarities to GALT.? 


The mechanism of homing of secretory IgA 
(S-IgA)—producing plasma cells coming from GALT 
to mucosal tissues has been proposed as follows. The 
sIgA+ B cells leave the inductive site in GALT and 
enter the blood circulation. The sIgA- B cells then 
home to distant mucosal tissues and differentiate into 
S-IgA-producing plasma cells.?? On the other hand, 
Tsurumaru^ observed only a few IgA-positive cells 
in the GCs of MALT in the maxillary sinus, but many 
IgA-positive cells between the mucosal epithelium 
and MALT. This evidence suggests the possibility 
that IgA-producing plasma cells might be differenti- 
ated from precursor cells in MALT and enter the sub- 
epithelium directly. Thus, the S-IgA- producing cells 
from MALT in the maxillary sinus and those from 
GALT differ in their homing mechanisms. 


The GALT and MALT also appear to differ in their 
time course of formation. From 45 to 100 Peyer's 
patches appear during gestation, and their numbers 
reach a maximum at puberty (approximately 240) 
and decline slowly with age.2? By contrast, MALT 
is not observed in normal maxillary sinus mucous 
membranes; rather, they appear during the early stage 
of chronic inflammation.* Kamimura et al? reported 
that MALT in the ET and ME was not observed in 
neonates within 1 month after birth, even though they 
had OM. The prevalence of MALT in the ET and 
ME rose 1 month after birth, and the highest preva- 
lence was seen between 1 month and 7 years of age. 





In this respect, the MALT in the ET, ME, and maxil- 
lary sinus appears to be a response to chronic in- 
flammation. The GALT in Peyer's patches, though, 
appears to form in the absence of chronic inflamma- 
tion. 


In the present study, the temporal bones with mu- 
cous OM had MALT with prominent GCs and showed 
moderate to strong PCNA expression. These find- 
ings suggest that DNA synthesis and cellular prolif- 
eration occurred for S-IgA production in the MALT. 
Moreover, PCNA-positive cells were also observed 
in the epithelial and/or subepithelial layers just above 
the MALT. Hence, it is possible that the source of S- 


. IgA—producing plasma cells in the epithelial and sub- 


epithelial layers was precursor IgA B cells in the 
MALT, and that the precursor IgA B cells entered 
the mucous epithelium from the MALT directly af- 
ter maturation. This sequence of events would par- 
allel the response in sinus mucosa.* 


In the single temporal bone with serous OM, there 
were scattered PCNA-positive cells in MALT that 
had well-developed GCs. In fact, this MALT was 
similar to that in cases without OM. These results 
suggest that there were fewer precursor IgA B cells 
differentiating to S-IgA-producing plasma cells than 
in the cases of mucous OM. According to Mogi,?? 
the mean value of S-IgA in the effusion of serous 
OM was much smaller than that in mucous OM. 


In the temporal bones with purulent OM, the 
MALT had faint GCs. The positive PCNA expres- 
sion in the MALT was stronger than that in temporal 
bones with serous OM and without OM, but weaker 
than that in temporal bones with mucous OM. These 
results suggest that purulent OM is an early stage of 
OM. Persistent and asymptomatic ME effusions are 
observed in 70% and 20% of children 2 weeks and 2 
months after onset of acute OM with purulent effu- 
sion, respectively.?? There is a possibility that if this 
purulent OM changes to mucous OM, the MALT may 


form GCs with strong positive PCNA expression for 


S-IgA secretion. On the other hand, if this purulent 
OM proceeds to serous OM, the MALT may have 
GCs with only weak and scattered PCNA expression. 
However, further studies are necessary to test this 
hypothesis. 
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PROSPECTIVE STUDY ON THE INCIDENCE OF CHRONIC EAR 
COMPLAINTS RELATED TO GASTROESOPHAGEAL REFLUX AND 
ON THE OUTCOME OF ANTIREFLUX THERAPY 
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LEUVEN, BELGIUM 
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Over a 2-year period (1997 to 1999), 5 consecutive adult patients with chronic refractory secretory otitis media (CSOM) and 16 
with a chronic refractory feeling of pressure in the ear(s) (CRFP) thought to be related to concomitant eustachian tube dysfunction 
were prospectively studied for coexisting gastroesophageal reflux (GER). All patients underwent an extensive standardized otorhino- 
laryngological examination, ambulatory 24-hour dual-probe esophageal pH monitoring with a distal pH probe 5 cm and a proximal 
probe 20 cm above the lower esophageal sphincter, and upper gastrointestinal endoscopy. Most of them also underwent esophageal 
manometry. All patients with CSOM and 12 of the 16 patients with CRFP had evidence of GER. Only 5 patients experienced 
heartburn or regurgitation. All patients responded very well to antireflux therapy with omeprazole 20 mg twice per day (40 mg twice 
per day in 2 patients) accompanied by conservative antireflux measures, ie, complete cessation of their middle ear complaints. This 
study demonstrates the role of GER in the pathogenesis of refractory CSOM and CRFP and the effectiveness of sustained antireflux 


therapy. 


KEY WORDS — chronic secretory otitis media, extraesophageal reflux, gastroesophageal reflux. 


Gastroesophageal reflux (GER) has been defined 
as the occurrence of lesions or signs and symptoms 
secondary to the. reflux of gastric contents into the 
esophagus or beyond into the oral cavity or airways. 
Lesions attributed to GER include esophagitis, in- 
flammation of the larynx and oropharynx, and acute 
or chronic pulmonary injury.! For the otorhinolaryn- 
gologist, GER presents itself with signs and symp- 
toms due to extraesophageal reflux (EER), such as 
reflux laryngitis and posterior laryngitis with hoarse- 
ness, frequent throat clearing, sore throat, globus pha- 
ryngeus, and chronic cough.” Other possible mani- 
festations of EER include laryngospasm;? contact ul- 
cers,9" laryngeal granulomas,-1? laryngeal and sub- 
glottic stenosis,?:1! and even laryngeal carcinoma.2!2 


Studies using combined esophageal and pharyn- 
geal pH probes demonstrated acid reflux into the 
pharynx in many of these patients.2:!3 The important 
contribution of GER in pediatric inflammatory up- 
per airway disorders has been shown.!^ The term gas- 
tronasal reflux has been used to indicate a possible 
relationship between reflux and pediatric chronic si- 
nusitis.i5 


Recently, we encountered a patient with a chronic 
therapy-resistant ear problem that only resolved af- 
ter his coexisting GER was diagnosed to be the cause 


and consequently was treated successfully as such. 
This observation suggested to us that some cases of 
middle ear disease might be considered as another 
extraesophageal manifestation of GER. In order to 
learn the prevalence of this association and its clini- 
cal properties, we undertook a prospective study to 
investigate the relationship between chronic middle 
ear problems and GER. We studied the prevalence 
of GER in these patients by endoscopy and pH-metry. 
We also assessed short- and long-term responses to 
medical antireflux therapy. 


MATERIALS AND METHODS 


From November 1997 to November 1999, all con- 
secutive patients with predominant complaints of a 
chronic refractory discharging middle ear (chronic 
refractory secretory otitis media; CSOM) were re- 
ferred to our department of gastroenterology. Also 
referred were all patients with a chronic refractory 
feeling of pressure (CRFP) in one or both ears thought 
to be related to eustachian tube dysfunction, with or 
without manifest changes on tympanometry, but with 
short-term alleviation of the feeling of pressure after 
a Politzer or Valsalva maneuver. 


These patients were some of the 217 otorhinolar- 
yngology (ORL) patients with chronic complaints 
thought to be EER manifestations who were referred 
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TABLE 1. GROUP WITH CHRONIC REFRACTORY SECRETORY OTITIS MEDIA 





















































UGIT 24-h Double 
Endoscopy pH Probe Esophageal Omeprazole 
Patient Age Surgical Ear l Additional Esophagitis Proxi- Manometry Maintenance 
No. (y) Sex History Complaints Signs Complaints Signs Grade HH Distal* malf LESP Mot (mg/d) 
| 72 M TyL CDL Gr None Ph 3 None 18.9 11.6 NI DS 80 
2 34 M CD bilat Gr, At None Ph; FL | None 17.5 13.4 NI NI 20 
3 Th. EF IL CIL Rad, At Hr.ST, Ph 2 None 18.0 19.8 NI NI 40 
Rad L UC, Ho, 
GP 
4 29 M NS,ESS CD bilat Gr, At of, Ho, Pbh,PL 2 3 cm 5.6 2.4 7mm PP 40 
FO Hg 
x 2; F TYR CD bilat Gr None Ph, PL 2 None PF PF NI NI 40 
UGIT — upper gastrointestinal tract, HH — hiatus hernia, LESP — lower esophageal sphincter pressure (normal, «10 mm Hg), Mot — 


esophageal motility, Ty — tympanoplasty, CD — chronic middle ear discharge, Gr — ear granulation(s) and/or polyps, Ph — pharyngitis, NI 


— normal, DS — diffuse esophageal spasm, bilat — bilateral, At 





atelectasis of middle ear, PL — posterior laryngitis, Rad — radical cavity, 


Hr — heartburn or regurgitation (see text), ST — sore throat, UC — unproductive cough, Ho — hoarseness, GP — globus pharyngeus, NS — 
nasal septal surgery, ESS — endoscopic sinus surgery. FO — fetor ex ore, PP — poor peristaltic amplitudes («30 mm Hg), PF — probe failure. 


*For distal probe, result of 24-hour dual-probe measurements in percentage of time pH was «4 (see text). 


*For proximal probe, result of 24-hour dual-probe measurements in percentage of time pH was «0.8 (see text). 








to the department of gastroenterology within this same 
2-year period. 


The CSOM group consisted of 5 patients with long- 
standing complaints of a chronic discharging middle 
ear, unilaterally or bilaterally with tympanic mem- 
brane perforations, atelectatic middle ears, and gran- 
ulations or polyps in the middle ear(s), but without 
evidence of active cholesteatoma. The cases are 
called refractory because previous conventional topi- 
cal and systemic medical therapy and/or surgical treat- 
ment(s), including tympanoplasty, mastoidectomy, 
and nasal and endoscopic sinus surgery, had been of 
no avail (Table 1). The CRFP group consisted of 16 
consecutive patients with chronic refractory com- 
plaints of pressure or fullness in one or both ears, 
thought to be related to concomitant eustachian tube 
dysfunction (Table 2). All of them had intact ear- 
drums without signs of middle ear effusion. Most of 
them had no or only minor changes on tympanometry 
or pure tone audiometry. All of these patients could 
alleviate their continuous feeling of ear pressure with 
a repetitive and forceful Valsalva maneuver, but only 
for some minutes. Other causes for their complaints 
had been ruled out. Previous conventional medical 
treatments including antihistamines, nose and ear 
drops, antibiotics and topical or systemic corticoster- 
oids had only led to short-term or incomplete im- 
provement or no improvement at all. 


[n order to establish a diagnosis of GER, we sub- 
mitted all patients to upper gastrointestinal tract en- 
doscopy during which the presence of erosive esoph- 
agitis was noted and its degree was scored (1 to 4) 
according to the classification of Savary and Mil- 
ler.'^ In addition, ambulatory 24-hour dual-probe 
esophageal pH monitoring was performed to quan- 








tify esophageal acid exposure. The distal probe was 
located 5 cm above the level of the lower esophageal 
sphincter (LES). The proximal probe was located 20 
cm above the LES, just below the upper esophageal 
sphincter (UES). Finally, most patients also had 
esophageal manometry by a stationary pull-through 
technique to quantify LES pressure and to detect ab- 
normalities in primary esophageal peristalsis. 


The diagnosis of GER was made on the basis of 
the presence of esophagitis and/or a distal acid expo- 
sure time (percentage of total time pH was «4) ex- 
ceeding 446 of the time. Proximal acid exposure time 
was judged abnormal when it exceeded 0.896.!7 All 
patients were screened for other possible reflux-re- 
lated symptoms, and all underwent an extensive stan- 
dardized ORL examination including magnifying 90? 
telescopic laryngoscopy. 


All patients with a diagnosis of GER received anti- 
reflux therapy consisting of omeprazole 20 mg twice 
per day (2 patients initially took 40 mg twice per 
day; patients | and 4 on Table 1) regardless of endo- 
scopic and pH-metric findings. In addition, they were 
instructed to use conservative antireflux measures, 
ie, raising of the head of the bed by 20 to 25 cm, 
avoiding food and liquids 3 hours before retiring, 
and other dietary and lifestyle modifications. All pa- 
tients were followed at 2-week intervals until their 
ear symptoms had resolved completely. The omepra- 
zole therapy was gradually decreased if the patient 
was asymptomatic for at least 4 weeks on a given 
dose. This reduction allowed determination of the 
lowest effective maintenance dose, if any (Tables | 
and 2). Subsequently, the patients entered long-term 
follow-up (range, 4 months to 2 years; mean, 11 
months). 
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TABLE 2. GROUP WITH CHRONIC REFRACTORY FEELING OF PRESSURE IN EAR 


Patient Age Surgical Ear Additional 
No. (y) Sex History Complaints Signs Complaints Signs 
1 67 F FP bilat None Ph, PL 
2 75 F FP bilat UC,Ho Ph 
3 55 M Ty2xL, FPL RP None PL 
VT 
4 56 M FP bilat Hr, LS, Ph, PL 
ST, UC, 
Ho 
5 29 F ESS,CC FP bilat Hr, ST, Ph, PL 
UC, Ho, 
FO 
6 70 F FP bilat LS,ST, PL 
UC, Ho 
7 39 F - FP bilat- ST,Ho  Ph,PL 
8 54 F FPL. ST Ph, PL 
9 27 M FP bilat . ST,GP PL 
10 31 F ESS FPL ST Ph, PL 
11 58 M CC FP bilat LS,ST, Ph,PL 
FO 
12 68 M FP bilat Hr, LS, Ph, PL 
UC, Ho 
13 42 M VT FP bilat None Ph 
14 68 F FPL - ST Ph 
15 47 M CL FP R, EP HrLS, Ph,PL 
ST, UC, 
Ho, FO 
16 66 M FP bilat ST,FO Ph,PL 


UGIT 24-h Double 
Endoscopy pH Probe Esophageal Omeprazole 
Esophagitis Proxi- Manometry Maintenance 
Grade HH Distal* malf LESP Mot (mg/d) 
0 None 6.9 3.1 NI Nl 20 
0 2cm 5.7 0.5 NI NI 20 
1 None 3.0 0.0 NI NI 20 
2,Ba 4cm 21.0 2.6 Omm PP 40 
Hg 
1 None 0.4 0.0 NI Nl 20 
0 None 13.2 3.0 NI NI 20 
0 None 3.0 0.3 Nl Nl None 
0 None 2.3 I NI DS None 
0 None 0.1 0.0 NI NI None 
1, GU 3cm 1.8 0.8 NR NR 20 
2 3cm 12.0 2.4 NI DS 40 
2 3cm PF PF NI NI 20 
0 None 0.6 0.0 8mm NI 20 
Hg 
None 4.3 3.7 NI NI None 
1 3cm 8.1 3.3 NI DS 40 
2,Ba None 9.0 07 8mm Ni 20 
Hg 


UGIT — upper gastrointestinal tract, HH — hiatus hernia, LESP — lower esophageal sphincter pressure (normal, «10 mm Hg), Mot — 
esophageal motility, FP — feeling of fullness and/or pressure, bilat — bilateral; Ph —— pharyngitis, PL — posterior laryngitis, NI — normal, 
UC — unproductive cough, Ho — hoarseness, Ty — tympanoplasty, VT — ventilation tube, RP — retraction pocket, Hr — heartburn, LS — 
laryngeal spasm, ST — sore throat, UC — unproductive cough, Ba — Barrett’s esophagus, PP — poor peristaltic amplitudes («30 mm Hg), 
ESS — endoscopic sinus surgery, CC — conchal cauterization, FO — fetor ex ore, DS — diffuse esophageal spasm, GP — globus pharyngeus, 
GU — gastric ulcer, NR — no results, PF — probe failure, CL — Caldwell Luc procedure, EP — ear pain. 


*For distal probe, result of 24-hour dual-probe measurements in percentage of time pH was «4 (see text). 
TFor proximal probe, result of 24-hour dual-probe measurements in percentage of time pH was «0.8 (see text). 


RESULTS 


From November 1997 to November 1999, all 217 
consecutive ORL patients with chronic symptoms 
thought to be caused by GER were referred to the 
department of gastroenterology for investigation and 
subsequently received antireflux treatment. The pre- 
dominant complaints were chronic sore throat, unpro- 
ductive cough, hoarseness, globus pharyngeus, and 
laryngospasm. 

Among the patients were 21 with predominant 
chronic ear complaints; 5 of them had CSOM and 
16 had CRFP. All patients with CSOM (Table 1) and 
12 patients of the 16 with CRFP (Table 2) received a 
diagnosis of GER. 

Erosive esophagitis was found in 13 patients (62406), 
and was found in 10045 of the CSOM patients — 
usually to a more severe degree in them than in the 
CRFP patients, of whom 50% had erosive esophagi- 


tis. Hiatus hernia was found in 7 patients (33%). We 
also found 2 patients with Barrett's esophagus and 
another patient with a gastric ulcer (Helicobacter py- 
lori-negative). 

Distal acid exposure was pathological in 12 pa- 
tients (64%); proximal acid exposure was pathologi- 
cal in 11 patients (58%). The CSOM patients had high- 
ly pathological values of distal acid exposure (mean, 
1596; range, 5.696 to 18.996) and of proximal acid 
exposure (mean, 11.8%; range, 2.4% to 19.8%). In 
the CRFP group, distal acid exposure (mean, 6%; 
range, 0.1% to 21%) was pathological in 8 patients 
(53%), and proximal exposure (mean, 1.5%; range, 
096 to 3.7%) was pathological in 7 patients (47%). 


Esophageal manometry showed poor peristaltic 
amplitudes («30 mm Hg) in 2 patients and intermit- 
tent high-amplitude simultaneous contractions indi- 
cative of diffuse esophageal spasm in 4 other patients. 
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Four patients had a low resting LES pressure of <10 
mm Hg. Thus, overall, an esophageal motility disor- 
der and/or a too-low LES pressure (<10 mm Hg) was 
found in 8 patients (40%). 


Other ORL symptoms related to chronic reflux 
were a sore throat (13 patients or 62%), hoarseness 
(9 or 43%), unproductive cough (7 or 33%), and la- 
ryngospasm (5 or 24%). Only 5 patients (24%) ex- 
perienced typical heartburn or regurgitation. 


The chronic reflux—related ORL signs were marked 
erythema of the pharynx (pharyngitis) in 18 patients 
(86%) and marked erythema and/or edema of the 
posterior larynx (posterior laryngitis) in 16 patients 
(76%). There were no significant differences between 
the CSOM and the CRFP groups in the occurrence 
of additional symptoms, nor in the findings of pos- 
terior laryngitis and pharyngitis. Of the CSOM group, 
3 of the 5 patients had bilateral ear disease, and of 
the CRFP group, 11 did (69%). Of the CSOM pa- 
tients, 3 had a history of ear surgery. Of the CRFP 
patients, only | had a history of a failed tympano- 


plasty. 


On antireflux therapy with omeprazole 20 mg 
twice per day (2 patients took 40 mg twice per day: 
patients | and 4 on Table 1), the middle ear discharge 
completely ceased in all CSOM patients, and the mid- 
dle ear granulations and/or polyps disappeared, lead- 
ing to a residual dry perforation or a dry atelectatic 
middle ear. The average time this resolution took was 
I] weeks (range, 6 to 16 weeks). One patient (pa- 
tient 4 on Table 1) discontinued his treatment on his 
own initiative; his original problems reappeared, to 
heal again only when his therapy was restarted. At 
the end of follow-up, the CSOM patients remained 
on a median maintenance dose of 40 mg of omepra- 
zole per day. All CRFP patients became symptom- 
free after an average time of 4 weeks (range, 2 to 6 
weeks) with antireflux therapy and omeprazole 20 
mg twice per day. This reaction to therapy was also 
noted in the 4 patients who did not have GER ac- 
cording to the above-mentioned criteria (patients 7, 
8, 9, and 13 on Table 2); they were nevertheless in- 
cluded in this series because of their complaints and 
the signs found on clinical examination. 


The tympanograms that were available on follow- 
up (6 patients, of whom 3 initially had type C curves) 
normalized simultaneously with the disappearance 
of the symptoms. 


At the end of follow-up, the CRFP patients re- 
mained on a median maintenance dose of 20 mg of 
omeprazole per day (p < .01 as compared to CSOM 
patients). The ORL examination revealed that after 
the patients became symptom-free, the erythema of 


the pharynx and the posterior larynx disappeared as 
well. The additional symptoms, if present, also re- 
sponded to therapy. 


DISCUSSION 


Reflux may be assessed by a variety of diagnostic 
tests. If. on upper gastrointestinal tract endoscopy, 
erosive esophagitis or Barrett's esophagus is found, 
a GER ciagnosis is established. The use of upper gas- 
trointestinal tract endoscopy has not been routinely 
advocated in ORL patients, because they usually do 
not experience heartburn or regurgitation (less than 
half of patients, in most studies) and because ero- 
sive esophagitis in these patients is considered to be 
a rare finding. Large prospective studies underscor- 
ing this policy, however, are lacking. 


Ambulatory 24-hour pH monitoring is considered 
to be ideal in ORL patients suspected of having GER. 
Dual-probe pH monitoring with one electrode in the 
distal esophagus, 5 cm above the LES, and a second 
probe 20 cm above the LES in the proximal esopha- 
gus just below the UES is considered preferable.! 
The major advantage is the possibility of quantify- 
ing distal and proximal acid exposure times on which 
normal values are available, making this a useful stan- 
dard.!7.'5 If abnormal distal esophageal acid expo- 
sure is found, the diagnosis of GER is established. 


Documentation of abnormal proximal esophageal 
acid exposure suggests a higher potential for acid 
reflux to reach the laryngopharynx and the upper air- 
ways, and therefore the probability becomes higher 
that the ORL symptom or sign is due to GER.! Fur- 
thermore, abnormal proximal reflux may predict the 
response to medical therapy in patients with pulmo- 
nary disease,!? but this correlation is less clear in 
ORL patients. Probes placed in the hypopharynx can 
document reflux above the UES, giving more cer- 
tainty to laryngopharyngeal reflux as the cause of 
ORL symptoms or signs. This placement of the probe 
above the UES would be ideal if there were not a 
number of technical problems (including possible in- 
terpretation errors due to probe drying and other ar- 
tifacts resulting in a drop of pH to «4 that is not a 
true reflux episode). At present, normal values are 
not available.! Esophageal manometry can demon- 
strate an esophageal motility disorder, including a 
resting pressure in the LES that is too low, which 
may also contribute to ORL problems due to GER. 

The results of our first 75 patients were reported 
previously.^? In the majority of that group (77%), 
GER could be demonstrated, and treatment with a 
proton pump inhibitor induced relief of symptoms 
within 4 weeks in most of them (82%). 


Our data suggest that GER sometimes may be di- 
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agnosed in patients with chronic ear complaints 
thought to be related to eustachian tube dysfunction 
and in patients with CSOM. Reflux of gastric con- 
tents (1e, acid and pepsin) into and beyond the esopha- 
gus and into the pharynx and nasopharynx might lead 
to eustachian tube dysfunction, tubotympanitis, and 
CSOM through an inflammatory reaction and possi- 
bly secondary infection. Erosive esophagitis and ab- 
normal distal and proximal esophageal acid exposure 
on 24-hour pH monitoring were not only more preva- 
lent, but usually also more serious, in the CSOM pa- 
tients than in the CRFP patients — a finding suggest- 
ing a direct relationship between the severity of ear 
problems and of GER in some of the CSOM patients. 
This seems to be confirmed by the longer treatment 
period required to obtain symptom relief in CSOM 
patients (11 weeks) than in CRFP patients (4 weeks). 
Itis also supported by the higher dose of omeprazole 
needed to keep the CSOM symptoms under control 
after the initial treatment. It might be reasoned that 
most of the CRFP patients have no real ear disease, 
since no abnormalities were found on otoscopy, pure 
tone audiometry, or tympanometry. In that case, the 
ear complaints might be explained as a referred feel- 
ing from the irritated pharyngeal wall. 


An interesting subgroup within the CRFP patients 
are the 4 patients (patients 7, 8, 9, and 13 on Table 2) 
who had no GER according to the criteria we used, 
but who nevertheless were included on the basis of 
their complaints and the signs found on clinical ex- 
amination. These patients also responded favorably 
to their treatment. One possible explanation might 
bea placebo response. À second explanation, and the 
most plausible, is related to the established norms of 
24-hour pH monitoring, especially regarding proxi- 
mal acid exposure. The larynx and pharynx are not 
protected by the clearing mechanisms and intrinsic 
mucosal properties present in the distal esophagus. 
It is conceivable that a single episode of acid reflux 
may be sufficient to cause laryngeal (and most likely 
also pharyngeal) symptoms and signs. Delahunty and 
Cherry,’ who produced vocal fold granulomas ex- 
perimentally in 1968, did so within 4 weeks by plac- 
ing gastric juice on the vocal processes of dogs for 
only 30 min/d, 5 d/wk, with no exposure over the 
weekends. They produced erythema within the first 
week that did not resolve over the weekend at the 
end of the second week, and granulomas thereafter.? 
If one were to accept a zero-exposure threshold for 


proximal acid reflux, 2 of the 4 patients had evidence 
of proximal acid reflux (patients 7 and 8 on Table 2). 
Also, the normal pH monitoring results could reflect 
a day-to-day variability and the possibility of a false- 
negative finding on this basis. Therefore, these 4 pa- 
tients may have responded favorably because they 
had (intermittent) reflux-induced laryngopharyngeal 
symptoms and signs even though they did not meet 
current diagnostic criteria on the day they were stud- 
ied. On the other hand, this response could reflect a 
day-to-day variability of the 24-hour pH measure- 
ment and thus indicate a false-negative finding. If 
CSOM or CRFP persists in spite of antireflux therapy, 
additional (antibacterial) therapy might be prescribed 
or repeated pH monitoring might be performed to 
exclude ongoing acid reflux. 


CONCLUSIONS 


1. This is to date the largest and, to our knowl- 
edge, also the first study of groups of adult patients 
with reflux-related CSOM and with reflux-related 
CRFP. It documents the diagnostic workup and the 
results of antireflux therapy with omeprazole. 


2. Ambulatory 24-hour dual-probe esophageal pH 
monitoring and upper gastrointestinal tract endosco- 
py are considered highly useful (certainly in CSOM 
patients) in establishing a GER diagnosis and in indi- 
cating the severity of GER. Additional information 
may be obtained by esophageal manometry. 


3. Theresults of our reflux investigations indicate 
a higher prevalence of GER and usually more seri- 
ous forms of GER in patients with CSOM than in 
patients with CRFP. 


4. Antireflux treatment combining omeprazole and 
conservative antireflux measures appears to be highly 
successful in GER-related CSOM and CRFP. 


5. Thelonger duration of antireflux therapy needed 
for CSOM patients to become free of symptoms and 
the higher maintenance dose required for them to re- 
main symptom-free are also indicative of more seri- 
ous forms of GER in CSOM patients than in CRFP 
patients. 


6. In reflux-related ear problems, GER should be 
thought of as EER that may cause nasopharyngitis 
leading to eustachian tube dysfunction and/or middle 
ear disease. 
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Hearing loss, bone fragility, and blue sclerae are the principal clinical features in osteogenesis imperfecta (OI), a genetic disorder 
of connective tissue. In a nationwide search, an audiometric evaluation of 133 adult patients was performed. According to the criteria 
introduced by Sillence, type I was the most common form of OI. Of the patients with normal hearing on audiometry, 17.1% reported 
subjective hearing loss, and 19.1% of the patients with impaired hearing did not recognize it. On audiometry, 57.9% of the patients 
had hearing loss, which was progressive, often of mixed type, and mostly bilateral, and began in the second to fourth decades of life. 
The frequency or severity of the hearing loss was not correlated with any other clinical features of OI. Hearing loss is common, 
affecting patients with all types of OI. Subjective misjudgment of hearing ability supports the need for repeated audiometry in all OI 
patients. A baseline study at the age of 10 years followed by audiograms every third year thereafter is recommended. 


KEY WORDS —— hearing loss, osteogenesis imperfecta. 
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Progressive hearing loss is a common additional 
social and health problem in osteogenesis imperfecta 
(OD, a genetic disease of the skeleton. The principal 
clinical feature in OI is remarkable bone fragility that 
makes the bone susceptible to mild traumas. The pro- 
pensity for fractures varies from a few fractures dur- 
ing the lifetime to hundreds in childhood. Many pa- 
tients present with secondary deformities in the tu- 
bular bones, spine, and skull and with short stature, 
which together result in a remarkable physical and 
secondary psychosocial handicap from childhood on- 
ward. Dental discoloration and fragility (dentino- 
genesis imperfecta; DI) are also common.! The prev- 
alence of OI is 1 in 10,000 persons to 1 in 30,000 
persons.!-? The most common mode of inheritance 
is autosomal dominant, with large families with sev- 
eral affected generations and multiple affected mem- 
bers. Sporadic cases due to new dominant mutations 
are common. In addition, there are rare autosomal 
recessive forms of OI.4 Osteogenesis imperfecta is 
mainly caused by mutations in 1 of the 2 genes, 
COLIAI and COL1A2, that encode the synthesis of 
type 1 collagen.! 


Although the oldest reports of OI date from the 
17th century, and the oldest known case that was later 
diagnosed as OI is in a mummy dating from about 


1000 BC, the classic symptoms of OI with bone fra- 
gility, blue sclerae, and hearing loss were first de- 
scribed by Adair-Dighton in a 1912 case report.?-10 
The triad of OI, however, was first confirmed by van 
der Hoeve and de Kleyn in 1918, and was supported 
by several reports during the following years.!!-!4 


Since the late 1970s, OI has been divided into 4 
major types on the basis of clinical, radiographic, 
and genetic criteria (Table 1515.19), This classifica- 
tion, introduced by Sillence and later modified on 
several occasions, has replaced the earlier classifi- 
cation into congenita and tarda forms.*^ 5-17 The wide 
variation in expressivity and heterogeneity still today 
cause difficulties in classifying both familial and spo- 
radic cases.18.19 


Six population studies on hearing loss in OI have 
been published.3,?-19-22 In these studies, hearing loss 
was found in 22.6% to 58% of OI patients.?9.15.2022 
The hearing loss is progressive, often conductive at 
onset and later mixed or sensorineural, and it usually 
begins in the second or third decade of life.?:25-77 Only 
4 previous studies have focused on hearing loss in 
different types of OI: Sillence et al!8 and Paterson et 
al? included all types of OI, and Garretsen et al? 
and Garretsen and Cremers?8 included OI type I only. 
Hearing loss appears to be most common in OI type 
I, affecting 35% to 78% of patients, and it has been 
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TABLE 1. CLASSIFICATION OF OI 





























OI Type* Clinical Features Inheritance 
IA Mild to severe bone fragility, normal or slightly short stature, intensely blue sclerae. presenile hearing AD 
loss, normal teeth 
IB Mild to severe bone fragility, normal or slightly short stature, intensely blue sclerae, presenile hearing AD 
loss, dentinogenesis imperfecta 
I] Extremely severe bone fragility AD or AR 
IT] Variable, often severe bone fragility in infancy with progressive skeletal deformity, short stature, AD or AR 
bluish sclerae, variable dentin abnormality 
IVA Bone fragility with mild to moderate deformity, often short stature, normal sclerae, normal teeth AD 
IVB Bone fragility with mild to moderate deformity, often short stature, normal sclerae, dentinogenesis AD 
V Hyperplastic callus OI type AD 
Other types 
Cole-Carpenter OI type AD 
Bruck OI type AR 
North American OI AR 
Osteoporosis-pseudoglioma syndrome AR 


OI — osteogenesis imperfecta, AD — autosomal dominant, AR — autosomal recessive. 


*Sillence classification, modified at Seventh International Conference on Osteogenesis Imperfecta, Montreal, 1999 4.15.16 





thought to be less common in OI type IV.4.19.22272 
In OI type III, Sillence? found that only | of 6 patients 
had hearing loss, whereas Paterson et al22 reported 
that 52% of 207 patients had hearing loss. The def- 
inition of hearing loss, however, has varied greatly 
in the studies referred to, and the study subjects may 
have been selected.3.22-28 


The aim of this study was to evaluate the frequency 
and type of hearing loss in adult Finnish patients with 
a Classified type of OI. We have previously reported 
on the hearing loss in OI children.29 


MATERIALS AND METHODS 


Altogether, 254 OI patients were ascertained in a 
nationwide search through the patient register of the 
Department of Clinical Genetics, Helsinki University 
Central Hospital, a major referral center for genetic 
disorders of the skeleton and connective tissue in Fin- 
land, and through the membership register of the Fin- 
nish Osteogenesis Imperfecta Association, as well 
as the HILMO care register from Finnish university 
and local hospitals. The diagnosis was based on frac- 
ture history, clinical and radiographic findings, and 
family history. The number of patients ascertained 
corresponds to a prevalence of 4.9 per 100,000 per- 
sons. 


The inclusion criteria for the present audiological 
study were OI, a previous audiometric study, and age 
over 16 years. The diagnosis was ascertained in all 
sporadic cases and in most familial cases by clinical 
and genetic evaluation at the genetics clinic of Hel- 
sinki University Central Hospital, and in the remain- 
ing cases through the hospital records. The patients 


were approached through a questionnaire concerning 
the history of fractures, the color of the sclerae, DI, 
and hearing loss. They were asked about the subjec- 
tive and objective onset of the hearing loss, the clin- 
ical course of the hearing deficit, the use of hearing 
devices, and surgical treatment. Clinical audiometry, 
including pure tone audiometry, speech audiometry, 
tympanometry, and measurement of the stapedial re- 
flex, was performed under standard conditions in a 
soundproof room at a local secondary or tertiary care 
university hospital. The patients with no audiometric 
evaluation were excluded from the study, as were 
patients with non—Ol-related ear disease. The ques- 
tionnaire was returned, indicating consent to partici- 
pate, by a total of 204 patients (80.3%), of whom 
144 were adults. This report focuses on audiometric 
evaluation of the 133 adult patients, 17 years of age 
or older, who fulfilled the inclusion criteria. The mean 
age of the 50 men and 83 women was 40.8 years 
(SD, 15.98 years; range, 17 to 81 years). Twenty- 
nine of these patients (21.8%) had undergone a mid- 
dle ear operation because of hearing loss caused by 
OE altogether, 22 right ears and 19 left ears were Op- 
erated on. A clinical examination of the patients with 
impaired hearing was performed to exclude causes 
other than OI for the hearing loss. For 131 patients, 
the type of OI could be determined by a clinical genet- 
icist using the criteria introduced by Sillence.4 Sub- 
classification of OI types I and IV into subtypes A 
and B (Table 1) on the basis of presence or absence 
of DI was not used in our audiological study, since 
the dentinal manifestations of OI apparently form a 
continuum from normal dentin to severe DI, and visual 
evaluation does not reveal the changes seen on radiog- 
raphy or light and transmission electron microscopy.” 


-“ 
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Fig 1. Classification of osteogenesis imperfecta (OI) in 
133 Finnish adults. 


Normal hearing was defined as a pure tone average 
at 0.5, 1, and 2 kHz that was equal to or better than 
15 dB hearing level (HL) in patients under 60 years 
of age, and equal to or better than 20 dB HL in pa- 
tients of 60 years or older. Definitions for different 
types of hearing loss paralleling the definitions given 
by Shapiro et al?! and Pedersen? were used, as fol- 
lows. 


1. Conductive hearing loss: an average air-bone 
gap for the frequencies 0.5, 1, and 2 kHz of greater 
than 15 dB with a corresponding bone conduction 
threshold of better than 15 dB. 


2. Sensorineural hearing loss: air conduction 
thresholds for the frequencies 0.5, 1, and 2 KHz of 
equal to or greater than 15 dB with à corresponding 
air-bone gap smaller than 15 dB. 


3. Mixed hearing loss: an average air-bone gap 
for the frequencies 0.5, 1, and 2 kHz of greater than 
15 dB with a corresponding bone conduction thresh- 
old equal to or greater than 15 dB. 


RESULTS 


Of the total of 133 adult patients in whom audiom- 
etry had been performed, 111 patients (83.4%) re- 
ported blue sclerae, and all except 1 had had fractures. 
Fifty-two patients (39.4%) reported DI, and 83 
(62.4%) had the familial type of OI. Twenty-eight 
patients (21.196) had continuous tinnitus, and 61 
(45.9%) had intermittent tinnitus. Fifty-seven patients 
(43.896) reported recurrent or continuous vertigo, 
which could be classified as inner ear-related by case 
history in 28 patients (2196 rotational or swaying ver- 
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Fig 2. Hearing pattern in 266 OI ears. 


tigo). Thirty-three patients (24.8%) used a hearing 
aid. All 133 cases except 2 could be classified accord- 
ing to Sillence* (Fig 1). Type I was the most common 
form of OI. The sex and age distribution of the pa- 
tients is presented in Table 2. 


The results of audiometric evaluation of 266 OI 
ears are presented in Fig 2. The subjective sensation 
of hearing ability was compared with the audiometric 
findings in the 133 patients studied. Of the patients 
with normal hearing on audiometry, 17.1% reported 
hearing loss, and on the other hand, 19.1% of the 
patients with hearing loss were not aware of any hear- 
ing loss. At audiometry, 63 patients (47.4%) had bi- 
lateral hearing loss, and 77 (57.9%) had hearing loss 
in at least one ear (mean age, 45.4 years; range, 17 
to 81 years; SD, 16.4 years). In addition, | patient 
had accidental unilateral total deafness caused by a 
basal skull fracture. The mixed type of hearing loss 
was most common: 17.3% of the ears. The type of 
hearing loss could not be defined for 6 ears. In addi- 
tion, 22 right and 19 left ears of, altogether, 29 pa- 
tients had been operated on because of conductive 
or mixed hearing loss caused by OI, with bilateral 
stapedotomy in 12 of the cases. The hearing loss in- 
creased with age. The mean age at the onset of hear- 
ing loss was, according to patient history or audiom- 
etry, 29.0 years (range, 7 to 81 years; SD, 14.8 years; 
Fig 3). Both mixed and sensorineural hearing losses 
occurred in all age groups, while conductive hearing 
loss was predominantly seen in younger patients (Fig 


TABLE 2. CLASSIFICATION OF PATIENTS BY SEX, AGE, AND OI TYPE 


l IA IB III 
Male 5 23 5 3 
Female 5 50 8 2 
Total 10 73 13 5 
Mean age (y) 32.3 41.3 46.0 36.2 
Range (y) 33-81 17-87 19-69 25-47 
SD (y) 16.5 [4:5 16.2 9.4 








Unclassifiable 





IVA IVB ITV V Total 
5 6 | l | 50 
5 11 l 0 | 83 
10 17 2 | 2 133 
39.2 35.0 42.5 43.0 31.0 40.8 
17-51 20-65 28-57 24-38 17-81 
10.8 14.2 16.0 


Types I and IV were divided into A and B by visual evaluation of teeth. Ten patients could not be reliably placed in A or B group of type I. 
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Fig 3. Age at onset of hearing loss in 77 patients. Young- 
est patient was 7 years old. Twenty-six percent of pa- 
tients had symptomatic hearing loss before age of 20 
years, 61% before age of 30 years, 76.6% before age of 
40 years, and 89.696 before age of 50 years. 


4). Hearing loss above 30 dB HL in both ears was 
found in 40 of the 133 patients (30.1%: Fig 5). 


The frequency of hearing loss in classified types 
of OI is presented in Fig 6. The hearing pattern in 
different types of OI is presented in Fig 7, and the 
severity of hearing loss in classified types of OI, with 
operated patients excluded, is presented in Fig 8. No 
correlation was found between the frequency or se- 
verity of hearing loss and the type of OI. The types 
of hearing loss for the right ear were significantly 
different between OI types I and IV (p = .028), in- 
dicating that inner ear—related hearing loss is more 
common in OI type I. Although a significant differ- 
ence was not found for the left ear, the tendency was 
similar (p = .09). 


A strong correlation was found between the hear- 
ing levels of the right and left ears of individual pa- 
tients, indicating that hearing loss eventually affects 
both ears (Pearson correlation coefficient, 0.71). The 
type of hearing loss was usually the same for both 
ears. The type of hearing loss, especially the mixed 
type, was similar within the families studied, but no 
statistical significance could be shown because of 


PTA 0.5 - 2 kHz 





Age (years) 


Fig 4. Type of hearing loss related to age. PTAO.s-2kHz 
— pure tone average at 0.5, 1, and 2 kHz. 








Fig 5. PTA0.5-2kHz of better ear in 133 OI patients. Hear- 
ing loss was socially disturbing in 30.1% of patients (40/ 
133). 


the small family size: only 1 family had as many as 
6 members with OI, and most of the families included 
3 or fewer OI patients. No correlation was found be- 
tween occurrence of hearing loss and blue sclerae, 
number of fractures, DI, vertigo, or whether the OI 
was sporadic or familial; nor between the different 
types of hearing loss and DI, blue sclerae, vertigo, 
number of fractures, or whether the OI was sporadic 
or familial. Tinnitus was most frequent in patients 
with sensorineural or mixed hearing loss, and the fre- 
quency of tinnitus increased with age. 


Three patients were found to have total deafness 
not related to surgery. A woman with mild OI type I 
developed total deafness at the age of 71 years after 
progressive, Ol-related hearing loss. In addition, a 
47-year-old man with blue sclerae and DI, but no 
fractures, had total deafness of the right ear. The ob- 
Jective onset of hearing loss remained unclear, but 
subjective hearing loss was reported at the age of 7 
years. However, in this patient, audiometry was first 
performed at the age of 20 years. Another woman, 
49 years of age, had rapidly progressive hearing loss 
that resuited in total deafness in early adulthood. She 
had nonfamilial OI type I. The sclerae were blue, the 
teeth were normal by visual evaluation, and she had 
had multiple fractures. Since the age of 15 years, she 
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Fig 6. Frequency of hearing loss in classified types of OI 
(N = 131, including operated patients). 
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had had slowly progressive hearing loss that, at the 
time of the first audiometry at the age of 20 years, 
was of mixed type. The hearing loss then progressed 
rapidly, resulting in total deafness at the age of 22 
years (Fig 9). In addition, 8 nonoperated patients were 
found to have sensorineural hearing loss before the 
age of 40 years. Seven of these patients had OI type 
I, and ] patient with blue sclerae and DI was not 
classified. The mean age of these patients was 26 
years at the time of the study (SD, 26.0 years; range, 
17 to 37 years), and the mean age at the onset of the 
hearing loss was 22.1 years (SD, 7.0 years; range, 
15 to 36 years). The mean pure tone average at 0.5, 
l, and 2 kHz was 39.2 dB HL in the right ear and 
32.9 dB HL in the left ear (SD, 13.4 dB HL in the 
right ear and 17.1 dB HL in the left ear; range, 20 to 
55 dB HL in the right ear and 15 to 66.7 dB HL in 
the left ear). 


DISCUSSION 


This study is a population-based survey on a na- 
tional level. We examined hearing loss in OI patients 
classified according to Sillence* and performed au- 
diometric evaluation in all patients. The low preva- 


100 82 


Fig 8. Severity of hearing loss in OI 
types I, III, IV, and V. In addition to 41 
operated ears not presented in this Fig- 
ure, significant hearing loss was ob- 
served in 104 of 224 ears studied. 
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Fig 7. Hearing pattern in classified types 
of OI. Operated and nonoperated pa- 
tients are presented separately. In oper- 
ated patients, retrospective information 
based on archival preoperative audiom- 

44960 C etry is presented. N — normal hearing, 
C — conductive hearing loss, M — 
mixed hearing loss, S — sensorineural 
hearing loss, T — total deafness, U — 
undefined. 


lence of OI in Finland found in our study, 4.9 per 
100,000 persons, may be explained by the variable 
severity of clinical expression, nonreporting, and lack 
of patient registers, as in former studies on OI.! It is 
a general impression that about half of OI patients 
have progressive hearing loss (Table 35-21.22.25-28), [n 
most studies, the hearing loss is found to be bilateral 
and progressive. Hearing loss starts in the second or 
third decade of life, and it is often conductive at the 
onset and later mixed or sensorineural. However, the 
definition of hearing loss has varied greatly, and the 
study subjects may have been selected in previous 
studies.**2-28 The first population study on OI, by 
Seedorff? in Denmark in 1949, showed a 28% inci- 
dence of hearing loss, and Smárs?? in Sweden in 1961 
found a 22.6% incidence of hearing loss. More re- 
cently, Pedersen? in Denmark found a 50% incidence 
of hearing loss among 173 patients with OI classified 
into congenita and tarda forms. The hearing loss was 
predominantly of mixed type and started in the sec- 
ond or third decade of life. The median age at onset 
was 25 years. In the 1989 study of Stewart and 
O’Reilly,*! 46% of the Scottish OI patients had hear- 
ing loss, progressing from the conductive type in the 
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second or third decade of life to a mixed type later in 
life. In a 2001 population study by Paterson et al,?2 
subjective hearing loss was reported by 22.7% of the 
British OI patients, starting during the first 4 decades 
of life. Also in other, non-population studies, the hear- 
ing loss has been seen to start in early adulthood, pro- 
ceeding from conductive hearing loss to a mixed and 
sensorineural type with increasing age.?*-25 Sensori- 
neural hearing loss beginning as a mild high-frequen- 
cy hearing loss and expanding to involve the lower 
frequencies with time has also been reported.?! In 
some studies, a mixed hearing loss has been found 
to be the most frequent, with conductive hearing loss 
only in some younger patients, and sensorineural hear- 
ing loss and deafness in constant proportions inde- 
pendent of age.?725 


In our study, hearing loss was found to be progres- 
sive and bilateral, beginning predominantly in the 
second to fourth decades of life, with a mean age of 
29.0 years at the onset of the hearing loss. Hearing 
loss, however, may begin in childhood, as indicated 
in earlier studies. 7.21.2729 Of the 133 patients we 
studied, 57.9% (n = 77) had a hearing loss, which 
was bilateral in 47.496 of them (n 2 63). This finding 





. TABLE 3. HEARING LOSS IN ADULTS WITH OI 
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Fig 9. Conductive hearing loss re- 
sulting in total deafness at age of 
22 years. Pure tone audiometry of 
A) left and B) right ears at age of 
20 years (crosses), at age of 22 
years (squares), and at age of 28 
years (diamonds). Solid lines — 
air conduction threshold; dotted 
lines — bone conduction thresh- 
old. ISO — International Stan- 
dards Organization. 
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supports the general impression that 50% of OI pa- 
tients have a hearing impairment.?2?.1820.?! Mixed 
hearing loss was the most frequent type of hearing 
loss, occurring in 17.396 of the 266 ears. In addition, 
the preoperative hearing loss was of mixed type in 
19 of the 41 operated ears (46.3%). The small amount 
of conductive hearing loss in this series, only 4.5% 
of the ears, is explained by previous stapedotomy; 
18 of these operations were performed for conduc- 
tive hearing loss (43.9%). Conductive hearing loss 
was mostly observed in the younger patients, while 
sensorineural and mixed types of hearing loss were 
seen in all age groups, as reported in earlier stud- 
ieg 3,23-27 

No correlation was found between the hearing loss 
and other OI features such as blue sclerae, frequency 
of fractures, and DI. Even though no correlation anal- 
ysis could be done between hearing loss and famili- 
ality of OI because of the small size of the families, 
the earlier indication of deafness as a familial feature 
is supported by our study.?? 


In the few previous studies using the present clas- 
sification of OI, hearing loss is suggested to be more 
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No. of Definition of 

Authors Year Patients Selected Patients Hearing Loss* Audiometry No. Ot 

Riedner et al?? 1980 70 13 Families Yes Yes + portable 26/52 50.0 
Cox and Simmons?° 1982 30 5 Families Yes Portable 6/12 50.0 
Pedersen? 1984 173 Population Yes Yes + portable 73/114 64.0 
Stewart and O' Reilly?! 1989 56 Population Yes Yes + portable 29/40 72.5 
Garretsen and Cremers?® 1991 70 OI type I Yes Yes 15/3] | 48.4 
Garretsen et al?’ 1997 142 OI type I, selected patients Yes Yes 83/9] 912 
Paterson et al?? 2001 1.394 Population No No 297/0208 32.0 
This study 133 Population Yes Yes T7139. 31.9 


In previous studies, adult patients have been defined as patients 220 years of age, with exception of study of Paterson et al;?? in which patients 
were 210 years of age. In present study, adults are defined as patients 217 years ef age. Percentage figures are influenced by age structure of 


population in question, which is not reported in these studies. 
Portable — portable audiometrv, in addition to clinic audiometry. 


* Definition varies among different studies. 
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common in OI type I than in OI type IV. In the 1979 
` Sillence et all? study from Victoria, Australia, hearing 
loss was found in 3596 of OI type I patients of all 
ages. No hearing loss was found in Oltype IV; there 
were, however, only 8 patients with OI type IV in 
the study material. In the 1983 study of Paterson et 
al,?? subjective hearing loss was reported by 50% of 
type I and by 29.4% of type IV patients over 30 years 
of age, but there was no significant difference (69 
versus 48 patients). In a later study by Paterson et 
al,2* about 30% of type IA, IB, and IVB patients re- 
ported hearing loss at the age of 30 years, while the 
proportion was significantly lower in OI type IVA 
(9%). Garretsen and Cremers?? found that 43% of 
70 patients with OI type I had hearing loss. In a later 
study by Garretsen et al,?” hearing loss was found in 
79% of type I OI patients. The high rate of hearing 
loss 1s explained by selection of the patients, who 
either had been scheduled for ear surgery or volun- 
teered for the study because of hearing loss. Only 2 
studies focusing on hearing loss in OI type III have 
been published, with different outcomes: 52% with 
hearing loss at the age of 30 years in a study by Pater- 
son et al?” on 206 type III OI patients, and only 1 of 
6 type III OI patients with hearing loss in a study by 
Sillence et al.!° In the former study, hearing loss was 
based on the subjective experience of the patients 
(personal communication), and in the latter, no defi- 
nition for hearing loss was given. 


In our study, no correlation could be found between 
the types of OI and the frequency or severity of the 
hearing loss: 60.4% of the type I OI patients and 
42.3% of the type IV OI patients had hearing loss. 
The types of hearing loss, however, seemed to be 
slightly different between types I and IV: inner ear- 
related hearing loss occurred more often in OI type 
I. Of the 5 type III OI patients, 4 had hearing loss, 


supporting the finding by Paterson et al?? that hearing 
loss is common in OI type III. 


Although the hearing loss in OI is clinically oto- 
sclerosis-like, OI and otosclerosis are two separate 
diseases with clinical similarities.?-55-?7 Compared 
with otosclerosis, the hearing loss in OI has a ten- 
dency toward earlier onset, more severe middle ear 
involvement, and a higher incidence of sensorineural 
hearing loss.?1:255255 In our study, sensorineural hear- 
ing loss was observed also in the youngest age groups, 
indicating in OI a group of patients with a predomi- 
nantly sensorineural pattern at the onset of hearing 
loss, which is rare in otosclerosis. Early sensorineural 
hearing loss was found only in patients with OI type 
I, and the only patient with rapidly progressing hear- 
ing loss, resulting in total deafness within 8 years at 
the age of 22 years, also had OI type I. In earlier stud- 
ies, total deafness is reported mostly in older age 
groups, but sensorineural hearing loss at an early age 
is also reported.?:2129 The cause of early sensorineural 
hearing loss in OI remains unresolved, and to date, 
it has not been possible to establish genotype-pheno- 
type correlations. 


Hearing loss is a common feature in OI, affecting 
patients with al] types of OI. The subjective assess- 
ment of hearing ability may be misleading: almost 
40% of the patients in this study misjudged their hear- 
ing ability. This finding supports the need for repeated 
audiometry in all patients with OI. Because early 
detection and treatment of hearing loss is of utmost 
importance to avoid aggravation of the physical han- 
dicap, audiometry should be performed in all OI pa- 
tients as a baseline study at the age of 10 years, with 
repeated audiograms every third year thereafter, even 
for asymptomatic patients. Further studies based on 
molecular genetic classification of OI are needed to 
reveal the pathogenesis of hearing loss. 
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INDUCTION OF GROWTH FACTOR EXPRESSION IS REDUCED 
DURING HEALING OF TYMPANIC MEMBRANE PERFORATIONS 
IN GLUCOCORTICOID-TREATED RATS 


SHIN-ICHI ISHIMOTO, MD 


TOSHIO ISHIBASHI, MD 


TOKYO, JAPAN 


The participation of growth factors in wound healing of tympanic membranes (TMs) is established. To determine the possible 
role of these growth factors in normal healing, we examined the regulation of keratinocyte growth factor (KGF), transforming 
growth factor-a (TGF-o), and basic fibroblast growth factor (bFGF) messenger RNA (mRNA) expression in wounded TMs of 
glucocorticoid-treated rats; these rats have severe wound healing abnormalities. Induction of KGF, TGF-a, and bFGF mRNA expres- 
sion after TM injury was significantly reduced in these rats. Moreover, we found that the average number of bromodeoxyuridine- 
positive cells in a glucocorticoid-treated group was significantly lower than that in controls. The data suggest that reduced expression 
of these genes might be partially responsible for the wound healing defects seen in these animals. These results provide a possible 
explanation for the beneficial effect of exogenous KGF, TGF-a, or bFGF in treatment of wound healing disorders of the TM. 


KEY WORDS — glucocorticoid, growth factor, tympanic membrane, wound healing. 


INTRODUCTION 


The regeneration of the tympanic membrane (TM) 
after a traumatic perforation is a complex biological 
process that involves epithelial proliferation, epithe- 
lial migration, fibroblast proliferation, angiogenesis, 
and tissue remodeling.!-? Previous studies indicate 
that a variety of growth factors and cytokines are 
key modulators of this process. For example, local 
application of epidermal growth factor (EGF) or ba- 
sic fibroblast growth factor (bFGF) accelerates the 
rate of closure of TM perforations.^ In addition, im- 
munohistochemical reactivity for endogenous bFGF, 
EGF, and transforming growth factor-a (TGF-q) is 
induced during TM perforation healing.^? We pre- 
viously demonstrated that keratinocyte growth fac- 
tor (KGF) and TGF-a messenger RNA (mRNA) ex- 
pressions were rapidly induced tn the early stage of 
TM repair, while the expression level of bFGF was 
gradually induced in the later stage of this process.? 


To determine whether the induction of these growth 
factors is important for normal repair, we developed 
a model of impaired wound healing of the TM in 
glucocorticoid-treated rats. The regulation of KGF, 
TGF-a, and bFGF mRNA expression and the num- 
ber of bromodeoxyuridine (BrdU)-labeled cells in 
wounded TMs of these animals were examined, and 
the suppressive effects of glucocorticoids on mRNA 
expression of KGF, TGF-a, bFGF, and DNA synthe- 
sis in wounded TMs were demonstrated. The data 
suggest that reduced expression of these genes might 


be at least partially responsible for the wound heal- 
ing defects seen in these animals. 


MATERIALS AND METHODS 


Glucocorticoid Treatment of Rats. Adult male Wis- 
tar rats (weight, 230 to 300 g) were used in this study. 
All experiments were performed according to the Na- 
tional Institutes of Health Guide for the Care and 
Use of Laboratory Animals. For each experiment, 7 
rats were given subcutaneous injections at 9:00 AM 
daily with dexamethasone (1 mg/kg body weight). 
Seven control rats were injected with phosphate-buf- 
fered saline solution (PBS). During the wound heal- 
ing period, the daily injection of dexamethasone or 
PBS was continued. 


Operative Procedure. Three independent wound 
healing experiments were performed. For each ex- 
periment, 7 dexamethasone-treated rats and 7 con- 
trol rats were anesthetized with intraperitoneal injec- 
tions of sodium pentobarbital (0.2 mL/100 g body 
weight). On the sixth day of treatment with either 
dexamethasone or PBS, 1.5-mm perforations were 
made in the posterior pars tensa of the TM in each 
ear with a 22-gauge needle under sterile conditions 
with an otomicroscope. Animals that demonstrated 
signs of external otitis or otitis media before or after 
the surgery were excluded from the study. 


Comparison of TM Perforation Closure Rates in 
Glucocorticoid-Treated and Control Rats. Five TMs 
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Control 


from dexamethasone-treated rats and 5 TMs from 
control rats were photographed with an operating oto- 
microscope (Karl Zeiss, Berlin, Germany) 0 and 7 
days after wounding with anesthesia. Each photo- 
graph was digitally scanned into a Power Macintosh 
computer with an image scanner. The perforation size 
and the upper posterior area of the TM for each pho- 
tograph were calculated with NIH Image 1.62 soft- 
ware (Division of Computer Research and Technol- 
ogy, National Institutes of Health, Bethesda, Mary- 
land). The perforation size for each photograph was 
calculated by computer as a proportion of the upper 
posterior area of the TM as described previously. !° 
In this way, interphotograph variation in magnifica- 
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Fig 2. Comparison of closure rates of TM perforation 
between DEX rats and controls, 7 days after wounding. 
Average closure rate was higher in control group than in 
DEX group. 





Fig 1. Photographs of tympanic 
membrane (TM) perforations in 
dexamethasone-treated (DEX) 
and control rats at 0 and 7 days 
after wounding. 


tion of the TMs and perforations was factored out. 
The percentage of TM closure was determined by 
comparing the compensated areas of TM perforation 
on day 7 with those on the day of wounding. 


Histologic Analysis. Tympanic membrane perfora- 
tions were created as described above. Six dexameth- 
asone-treated rats and 6 control rats were injected 
with BrdU (Sigma, St Louis, Missouri; 60 mg/kg body 
weight) intraperitoneally on the seventh day after 
wounding. Two hours after injection, the animals 
were deeply anesthetized by intraperitoneal injections 
of pentobarbital and decapitated. The temporal bones 
were removed and fixed in 10% formalin for 2 weeks. 
After fixation, the specimens were decalcified in 10% 
ethylenediaminetetraacetic solution for 10 days and 
then embedded in paraffin. The temporal bones were 
cut into 5-um sections continuously in a plane hori- 
zontal to the malleus handle, from above the short 
process of the malleus to below the umbo. The tis- 
sue sections from every 50 um were mounted on glass 
slides. Some slides were stained with hematoxylin 
and eosin. Other slides were used for immunohisto- 
chemical analysis using monoclonal anti-BrdU anti- 
body (Dako, Copenhagen, Denmark) to examine the 
mitotic cells in the regenerating TMs. 


BrdU Immunohistochemical Staining. Some of the 
serial sections were deparaffinized with xylene, de- 
hydrated with a descending ethanol series, washed 
in PBS, and digested with 0.25% pepsin/0.1N hydro- 
chloric acid solution (Kreateck, Amsterdam, the 
Netherlands). After a rinsing in PBS, the endogenous 
peroxidase was quenched with 3% hydrogen perox- 
ide for 5 minutes. The slides were blocked with a 
10% horse serum (Vector, Burlingame, California) 
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both DEX and control rats 7 days after wounding ( 





for 20 minutes and then incubated with the anti-BrdU 
antibody (DAKO), diluted 1:50 in PBS, for 20 min- 
utes at room temperature. After washes, sections were 
incubated with biotinylated anti-mouse IgG (Vector), 
diluted 1:200 for 30 minutes, and placed into peroxi- 
dase-linked avidin-biotin (Vector). The slides were 
then exposed to 3,3'-diaminobenzidine tetrahydro- 
chloride (DAB; MBL, Nagoya, Japan) and counter- 





TT. - 


H & E). EAC — external 


stained with hematoxylin. 


BrdU-Positive Cell Count. The sections were ex- 
amined under a light microscope at a magnification 
of 100x (Olympus, Tokyo, Japan). Three different 
sections containing TM perforations were chosen at 
random for each ear. Eighteen sections from each 
group were analyzed for BrdU-positive cell counts. 


Fig 4. Bromodeoxyuridine (BrdU)—labeled cells in TMs of A) 
control rat and B,C) DEX rats on seventh day after wounding. 


950 Ishimoto & Ishibashi, Healing of Tympanic Membrane Perforations 


( cells / mm ) 


10 


Control DEX 


Fig 5. Comparison of numbers of BrdU-labeled cells in 
regenerating TMs between DEX rats and controls, 7 days 
after wounding. Values represent mean + SD. By Stu- 
dent's t-test, p < .0001. 


The number of BrdU-positive cells were counted from 
one perforation edge to the annulus and then from 
the other perforation edge to the other annulus. The 
length of the TM was also measured. The average 
number of labeled cells along 500 um of the TM in 
each group was compared to that of the control group. 
Student's t-test was used to assess the significance 
of differences between the two groups. 


Preparation of Wounded Tissues for RNA Isola- 
tion. Four TMs from 2 dexamethasone-treated rats 
and 4 TMs from control rats were obtained on days 
1, 3, and 5 after wounding. Unwounded TMs from 
dexamethasone-treated and control rats were collected 
for comparison. The pars tensa of the TMs with the 
malleus was removed quickly after making an inci- 
sion along the annulus of the TM. The TMs were 
dissected out from the malleus, immediately frozen, 
and stored at —70*C for subsequent RNA isolation. 


Semiquantitative RT-PCR. Total RNA was isolated 
from frozen TM samples according to the acid guan- 
idinium-phenol-chloroform method.!! One micro- 
gram of total RNA from each sample was subjected 
to reverse transcription—polymerase chain reaction 
(RT-PCR). The primers chosen for amplification of 
KGF, bFGF, TGF-a, and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) were described previous- 
ly.? The PCR was performed as previously described, 
and PCR products were size-fractionated by electro- 
phoresis through a 2.5% agarose gel, then visualized 
by ethidium bromide staining, and transferred onto 
nylon membranes according to the Southern meth- 
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Fig 6. Southern blot of reverse transcription-polymerase 
chain reaction (RT-PCR) products from TM in glucocor- 
ticoid-treated and control rats at various intervals after 
wounding for keratinocyte growth factor (KGF), trans- 
forming growth factor-a (TGF-a), basic fibroblast 
growth factor (bFGF), and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) using specific oligonucleotide 
probes. Arrows indicate predicted size of RT-PCR prod- 
ucts for each gene. 


od.'* The membranes were hybridized with nonra- 
dioactive oligo probes specific for a sequence inter- 
nal to the primers used in the PCR amplification de- 
scribed previously.” A digoxigenin oligonucleotide 
3'-end labeling kit (Roche Diagnostics, Basel, Swit- 
zerland) was employed for nonradioactive hybridi- 
zation of PCR products according to the manufactur- 
er’s instructions. 


Semiquantitative Analysis of PCR Products. The 
exposed films were scanned into a Power Macintosh 
computer and quantification of transcript levels was 
performed with NIH Image 1.62 software. To adjust 
for potential differences in the actual amount of com- 
plementary DNA (cDNA) used in each PCR reac- 
tion, the amount of target CDNA was quantified rela- 
tive to the GAPDH level of each sample and was ex- 
pressed in relative units of each gene. The data are 
mean values from 3 independent experiments. 


RESULTS 


Photographs of TM Perforations in Glucocorti- 
coid-Treated and Control Rats at 0 and 7 Days After 
Wounding. The TM perforations were observed and 
photographed with the aid of the otomicroscope at 0 
and 7 days. At 7 days, the TMs in the control rats 
showed a scarce proliferative reaction with a thick- 
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Fig 7. Quantitative comparative analysis of KGF, TGF-o, and bFGF bands as shown in Fig 6. To adjust for potential differ- 
ences in actual amount of complementary DNA (cDNA) used in each PCR reaction, amount of target cDNA was quantified 
relative to GAPDH level of each sample. Values represent mean X: SD of 3 independent experiments. RU — relative units. 


ened epithelial ridge around the partially closed per- 
foration, while the TMs in the dexamethasone-treated 
rats remained thin, presenting no epithelial ridge pro- 
liferation around the perforation (Fig 1). 


To compare the closure rates of TM perforations 
between the two groups, we measured the areas of 
the TM perforations at 0 and 7 days in 5 control rats 
and 5 dexamethasone-treated rats with NIH Image. 
The average closure rate was much higher in the con- 
trol group than in the dexamethasone-treated group: 
73.6% + 12.7% and 19.2% + 9.096, respectively (Fig 
2). The difference was statistically significant at p < 
.0001 by Student's paired t-test. These results dem- 
onstrate that the closure of the TM perforations in 
the dexamethasone-treated rats was severely inhib- 
ited. 


Histologic Section of TM Perforation of Gluco- 
corticoid-Treated and Control Rats 7 Days After 
Wounding. Both the epidermal layer and the middle 
layer were markedly thickened around the edge of 
the perforation in every specimen from the control 
rats (Fig 3A). On the other hand, neither an epider- 
mal nor a fibrous reaction at the edge of the perfora- 
tion was noted in the dexamethasone-treated rats, but 
there was some epidermal hyperplasia a small dis- 
tance away from the perforation edge in every speci- 
men (Fig 3B). It appears that the glucocorticoid ar- 
rested the migrating epidermis at the perforation site, 
but not over the whole TM. 


BrdU-Labeled Cell Analysis in TM in Glucocorti- 
coid-Treated and Control Rats 7 Days After Wound- 
ing. Many BrdU-labeled cells were observed in the 
middle and epidermal layers of the TM in control 
rats on the 7th day after wounding (Fig 4A), but few 
BrdU-positive cells were observed at the outer lay- 


ers of the TM around the malleus handle and poste- 
rior annulus in dexamethasone-treated rats (Fig 
4B,C). The average numbers of BrdU-positive cells 
were counted along 500 um of the TM in 21 slides 
from each group. Figure 5 compares the numbers of 
BrdU-positive cells in the regenerating TM between 
the two groups. There were 2.3-fold fewer BrdU- 
positive cells in the dexamethasone-treated group 
than in the controls, a statistically significant differ- 
ence (p « .001). 


Semiquantitative Assessment of KGF, TGF-a, and 
bFGF Expression in Wounded TMs in Glucocorti- 
coid-Treated and Control Rats. To compare the in- 
duction of growth factors in the wounded TMs of 
glucocorticoid-treated and control rats, semiquantita- 
tive RI-PCR was undertaken to examine the time 


. course of KGF, TGF-a, bFGF, and GAPDH expres- 


sion in rat TMs at 1, 3, and 5 days after wounding. A 
PCR was performed for 30 amplification cycles for 
KGF and TGF-o, 30 amplification cycles for bFGF, 
and 25 amplification cycles for GAPDH; these cycle 
numbers were found to lie optimally within the loga- 
rithmic amplification range by kinetic studies. As 
shown in Fig 6, the induction of each growth factor 
was decreased in dexamethasone-treated rats. 


In the control rats, KGF and TGF-o mRNA ex- 
pressions were induced 2.0-fold and 3.0-fold, respec- 
tively, peaking in 3 days and subsequently declining. 
In contrast, BFGF mRNA expression increased gradu- 
ally and remained elevated for 5 days. In the dexa- 
methasone-treated rats, KGF and TGF-a mRNAs 
were induced, peaking in 3 days. However, the 
amounts of induction were significantly lower (1.3- 
fold and 1.7-fold, respectively) than that in the con- 
trol rats (Fig 7). The induction of bFGF mRNA in 
dexamethasone-treated rats was similar to that in con- 
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trol rats during the first 3 days after injury, then sub- 
sequently declined (Fig 7). These results demonstrate 
that the decline of the expression levels of KGF, TGF- 
c, and bFGF might be partially responsible for the 
wound healing defect of the TMs seen in dexametha- 
sone-treated rats. 


DISCUSSION 


Wound healing proceeds through a series of coor- 
dinated cellular- and cytokine-mediated events that 
result in the restoration of functional integrity of tis- 
sue. 1? A number of conditions, such as immunodefi- 
ciency, venous stasis, diabetes mellitus, and the pro- 
longed administration of anti-inflammatory steroids, 
result in delayed wound healing.!^!? In this study, 
we present a model of impaired wound healing of 
the TM in glucocorticoid-treated rats. The wound 
healing of the TM in these rats is markedly delayed 
compared to that of normal controls, and the healing 
impairment is histopathologically characterized by 
reduced formation of granulation tissue and cellular 
infiltration at the edge of the perforation. 


Glucocorticoid is a potent anti-inflammatory agent 
that both stimulates and inhibits the transcription of 
a variety of genes.!^ The prolonged administration 
of anti-inflammatory steroids leads to a delay in 
wound healing of the skin and an increase in local 
wound complications.!" Although topical application 
of hydrocortisone has been reported to delay tissue 
repair of experimental TM perforation in rats,!5.!? 
the molecular mechanisms of delayed healing of the 
TM have not been described previously. In this study, 
induction of KGF, TGF-a@, and bFGF expression was 
shown to be inhibited during healing of TM perfora- 
tions. Moreover, the average number of BrdU-posi- 


tive cells in the TM in the glucocorticoid-treated 
group was significantly reduced as compared with 
that in the controls. Since these growth factors stimu- 
late mitogenesis and chemotaxis for a variety of cell 
types, inhibition of DNA synthesis via decreased ex- 
pression of growth factors as shown in this study pro- 
vides a likely explanation for the delayed wound heal- 
ing of the TM in glucocorticoid-treated rats. 


According to studies on the process of normal TM 
healing m animals, there is a marked accumulation 
of epidermis at the edge of the perforation in the ini- 
tial stage, which then proliferates to close the de- 
fect.^? Epidermal migration appears to be a key fac- 
tor in the healing of TM perforations.? In this study, 
there was no epidermal hyperplasia at the edge of the 
perforation in the glucocorticoid-treated rats, although 
there was a ridge of epidermis a small distance away 
from the perforation edge. This finding suggests that 
suppression of growth factors by glucocorticoid may 
contribute to the discontinuation of physiologic mi- 
gration in the early stage of TM perforation healing. 


Since the down-regulation of growth factors is as- 
sociated with wound healing defects of the TM. the 
exogenous application of growth factors is expected 
to reverse the wound healing defects of the TM in 
glucocorticoid-treated rats. Therefore, topical use of 
these growth factors, delivered as an ear drop, might 
facilitate wound healing of the TM in patients re- 
ceiving chronic glucocorticoid therapy. Data on KGF, 
TGF-a, and bFGF expression patterns in normal and 
impaired wound healing may provide useful infor- 
mation as to the most effective type of growth factor 
and the timing of its administration in the treatment 
of intractable TM wounds. 
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EUROPEAN ACADEMY OF ALLERGOLOGY AND CLINICAL IMMUNOLOGY 


The Congress of the ENT Section of the European Academy of Allergology and Clinical Immunology will be held in Ghent, Belgium, 
November 15-18, 2003, and will be accompanied on November 17-19, 2003, by the Fifth Interhational Symposium on Experimental 
Rhinology and Immunology of the Nose. For further information, contact Congress Secretariat, Semico nv, Korte Meer 16, B-9000 Ghent, 
Belgium; telephone +32 9 233 86 60; fax +32 9 233 85 97; e-mail eaaci@semico.org or see the web site http://www.semico.org/serin. 


MEMORIAL 


DAVID G. HANSON, MD 
1943-2002 





On Wednesday, July 10, 2002, Dr David Hanson, 
58, died of cancer at his home in La Porte, Indiana. 
Until his recent illnesses, Dr Hanson had been Pro- 
fessor and Chairman of the Department of Otolaryn- 
gology-Head and Neck Surgery at Northwestern 
University Medical School. He was also well known 
for his expertise in laryngeal and voice research. 


David Hanson was born in Seattle, Washington, 
on November 16, 1943. He attended Wheaton Col- 
lege in Illinois and medical school at the University 
of Washington in Seattle, graduating in 1970. His 
residency was done at the University of Minnesota, 
where he also obtained a Master of Science degree. 
After completion of his residency in 1975, Dr Hanson 
served 3 years on active duty with the United States 
Public Health Service as a Staff Scientist at the Na- 
tional Institutes of Health, where he initiated and de- 
veloped a program involving clinical otolaryngol- 
ogy within the Communicative Disorders Program. 


In 1978, Dr Hanson joined the academic faculty 
of the Division of Head and Neck Surgery at the Uni- 
versity of California at Los Angeles (UCLA). He 
served as Chief of the Section of Head and Neck 
Surgery at the Veterans Administration Medical Cen- 
ter in West Los Angeles and as Vice Chief of the 
UCLA Division of Head and Neck Surgery. It was 
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during his tenure at UCLA that Dr Hanson s interest 
in clinical and investigative laryngology evolved and 
his program of laryngeal and voice research became 
increasingly productive. Beginning in 1985, and con- 
tinuously for 15 years until he became ill, his research 
was funded by the National Institutes of Health, and 
many contributions were made to our understanding 
of laryngeal physiology. 


Dr Hanson came to Northwestern University as 
Professor and Chairman of the Department of Oto- 
laryngology-Head and Neck Surgery in 1989 and 
served in that capacity until 2000. Because of illness, 
he stepped down from the chairmanship, but re- 
mained on the faculty until the time of his death. He 
was also Professor of Communication Sciences and 
Disorders at the Northwestern University School of 
speech. He maintained an active laryngeal physiol- 
ogy laboratory that continued to produce numerous 
publications and helped train medical students, resi- 
dents, and fellows. During his chairmanship, Dr Han- 
son revitalized the department's research laborato- 
ries. He also recruited, encouraged, and retained an 
excellent clinical faculty that forms the basis of to- 
day's fine department. 


Dr Hanson authored 85 original research papers 
and 12 invited articles and book chapters. He was a 
member of the American College of Surgeons, the 
American Broncho-Esophagological Association, the 
American Society of Head and Neck Surgery, the 
American Academy of Otolaryngology—Head and 
Neck Surgery, the Triological Society, the American 
Speech-Language-Hearing Association, the Ameri- 
can Laryngological Association, the Association for 
Research in Otolaryngology, and the Chicago Laryn- 
gological and Otological Society. He served on the 
editorial boards of 7 specialty journals. In his clinical 
work, he had a special interest in the care of profes- 
sional voices and saw many well-known perform- 
ers who came to Chicago with voice problems. A vo- 
calist himself, Dr Hanson had a special rapport with 
singers who consulted him. 


For a professional whose special interest was the 
larynx and voice, his own was soft-spoken and gentle, 
reflecting the kind individual who produced it. I met 
David Hanson the first day he came to Chicago to 
take over the chairmanship at Northwestern, when I 
was chairman at the University of Illinois. Our pro- 
grams intersected at several hospitals where both of 
our residents served. He treated his residents kindly 
and was universally liked by them and his fellow 
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chairmen at Northwestern. When iliness forced him 
to step down from the chairmanship in 2000, I was 
retiring from the University of Illinois, and I was 
asked to head the department at Northwestern. In the 
departmental office I found a quotation from Dr Han- 
son that reads, “I try to deal with everything I ap- 
proach in life with integrity and honesty — in patient, 
personal and professional interactions.” The person 
that I knew, and the department that bears his imprint, 


confirm the veracity of that statement. 


Dr David Hanson has left his impact on the special- 
ty of otolaryngology—head and neck surgery, North- 
western's department, and laryngeal and voice re- 


» search. He will be missed by the many friends and 


colleagues who have. benefited from his gentle pres- 
ence and by his dear wife, Terri Dangerfield Hanson. 


EDWARD L. APPLEBAUM, MD 


LETTER TO THE EDITOR 


To the Editor: 


This letter is in response to the comments made in a Letter to 
the Editor by Yin et al (Ann Otol Rhinol Laryngol 2002:111: 
563-5). The authors cited numerous criticisms of our work that 
we would like to address point by point. 


As we mentioned in the article. the methods have been de- 
scribed in detail elsewhere in an article! cited by Yin et al them- 
selves. Most of the confusion may be alleviated simply by a 
careful review of this paper. The endotracheal tube designed by 
Mermelstein et al,! unlike that of the tube commercially avail- 
able from Xomed (Jacksonville. Florida), employs an electrode 
that loops away from the surface of the endotracheal tube. The 
wire electrode conforms to the intralaryngeal tissues, allowing 
flush contact with the vocal cords with slight supraglottic and 
subglottic extension. In our series, this tube was placed either by 
ourselves, or by the anesthesiologist who designed the device, 
under direct visualization. The special loop design of the elec- 
trode minimizes the positioning difficulties that can follow with 
the use of the Xomed endotracheal tube. 


The electromyography (EMG) endotracheal tube that Yin et 
al present in their illustrations appears to represent the Xomed 
endotracheal tube. It requires precise placement for accurate 
data collection. We routinely use this tube in thyroid and para- 
thyroid surgery for identification of the recurrent laryngeal 
nerve (RLN). If no EMG activity is recorded with this tube in 
place, the position of the tube should be checked. Most surgeons 
with experience with this device understand the importance of 
proper placement of the tube and take this step as a matter of 
course. 


Yin et al assert that the EMG waveform produced by stimu- 
lation of the external branch of the superior laryngeal nerve 
(SLN) is actually produced by contraction of the thyroarytenoid 
muscle, as part of the efferent limb of the glottic closure reflex.? 
They wrongly assume that the only EMG waveform that can be 
recorded intralaryngeally must originate from thyroarytenoid 
muscle contraction and that our data can only be explained if we 
assume that there is a functional neurologic connection from the 
SLN to the thyroarytenoid muscle. Yin et al are incorrect in their 
assumption that there is noevidence of a connection between the 
SLN and the thyroarytenoid muscle. In fact, this has been dem- 
onstrated both in dogs? and in humans.4 


There need not be, however, a functional neurologic connec- 
tion between the SLN and the thyroarytenoid muscle to produce 
a recordable EMG waveform. Propagation of electrical activity 
from the cricothyroid muscle to the electrodes of the endotra- 
cheal tube depends upon the conductive properties and the vol- 
ume of the surrounding tissues, the size of the recording elec- 
trodes, and the electrodes’ proximity to the cricothyroid muscle. 
This principle of volume conduction, with the electrical genera- 
tor at a distance from the recording electrode, is the same as that 
used in producing an electrocardiogram. It is also the same 
principle that allows recording of evoked laryngeal EMG sig- 
nals from an electrode placed in the esophagus.?"7 What Yin et 
al refer to as the M wave, therefore, is simply the evoked EMG 
waveform from the cricothyroid muscle, generated in response 
to electrical stimulation of the SLN. 


Yin et al also criticized our failure to describe the conse- 
quences of vagal stimulation. Since the primary objective of 
surgery was arytenoid adduction, with reinnervation of the RLN 
being performed only if needed, there was no indication to per- 
form vagal dissection in our patients. Although Yin et al raise an 


956 


interesting clinical question, it is doubtful that our hospital's 
office for the protection of research subjects would approve of 
this endeavor. 


Our protocol before attempting RLN reinnervation is to wait 
a period of at least 9 months to allow for spontaneous recovery 
unless it is clear that the RLN has been sacrificed through a sur- 
gical procedure. Patient 15 in our report underwent repair of a 
dissecting thoracic aortic aneurysm. A phlegmon surrounding 
the aorta and enveloping the RLN was encountered at the time 
of surgery, and the RLN was knowingly sacrificed. Thus, we did 
not feel it necessary to wait 9 months before attempting reinner- 
vation. We apologize for not clarifying this in the report. 


The sole purpose of the article was to report our findings that 
in 14 of 15 patients with a vocal cord paralysis, no EMG wave- 
form could be elicited with stimulation of the ipsilateral RLN of 
the paralyzed side. This indicated to us that no meaningful elec- 
trical activity was propagating along the RLN. Only | patient 
with a vocal cord paralysis demonstrated EMG activity, which 
indicated the possibility of synkinesis. In this patient, the RLN 
Was not reinnervated. 


The concept that synkinesis occurs commonly in patients 
with vocal cord paralysis’.° has been heretofore embraced 
strongly by the otolaryngology community with a relative pau- 
city of supporting data. Our paper challenges the concept of 
synkinesis in the RLN as a common finding in patients with 
vocal cord paralysis. It is relatively easy to confirm or to refute 
our conclusions by simple repetition of our procedure, and we 
invite our colleagues to report their findings in this regard. 


EDWARD J. DAMROSE, MD 
GERALD S. BERKE, MD 
Division of Head and Neck Surgery 
University of California— 

Los Angeles School of Medicine 
Los Angeles, CA 90095 
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dent, physician-owned multispecialty group 
serving the east San Gabriel Valley for over 
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laryngology, phonosurgery, and management of the professional voice, to start July 1, 2004. The curric- 
ulum will provide a wide range of experiences, including phonomicrosurgery (cold instruments and la- 
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tions for spasmodic dysphonia. The fellow will participate in the management of voice disorders as a 
member of a multidisciplinary team in state-of-the-art voice laboratory facilities. The curriculum is de- 
signed so that upon completion, the fellow will have sufficient background to establish an independent 
voice disorders program at his or her home institution. There are numerous other clinical and basic science 
research opportunities available, as well as the option of working collaboratively with local music con- 
servatories. Certification by the American Board of Otolaryngology or Board-eligibility is a prerequisite. 
Qualified minority and female candidates are encouraged to apply. 


Direct inquiries to: 


Steven M. Zeitels, MD 
Director, Division of Laryngology 
Massachusetts Eye and Ear Infirmary 
243 Charles Street 
Boston, MA 02114 
Phone: (617) 573-3557, Fax: (617) 573-3068 
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SURVIVIN EXPRESSION IN JUVENILE-ONSET RECURRENT 
RESPIRATORY PAPILLOMATOSIS 


DAVID M. POETKER, MD 
MILWAUKEE, WISCONSIN 
DAVID L. SCOTT, MD 
IOWA CITY, IOWA 
NANCY M. BAUMAN, MD 
IOWA CITY, IOWA 


ANTHONY D. SANDLER, MD 
IOWA CITY, IOWA 
RICHARD J.-H. SMITH, MD 
IOWA Crry, IOWA 


Recurrent respiratory papillomatosis (RRP), caused by the human papillomavirus, is characterized by unregulated growth of 


wartlike neoplasms on laryngeal mucosa. Apoptosis is important in normal cellular homeostasis, and dysregulation of this process is 


thought to govern the behavior of certain neoplasms. This study evaluates the expression of several pro-apoptotic and anti-apoptotic 
factors in papillomas of patients with RRP, with a specific interest in survivin, a cell cycle-regulated anti-apoptotic factor. Three anti- 
apoptotic and 6 pro-apoptotic messenger RNA (mRNA) species were quantified by ribonuclease protection assay in 11 RRP papil- 
loma specimens and 5 normal laryngeal specimens. Anti-apoptotic and pro-apoptotic mRNA ratios were quantified by normalizing 
to the ribosomal protein L32 and compared between specimens. Protein expression of survivin in tissue samples was also evaluated. 
The mean (+SD) expression of survivin was almost fivefold greater in the RRP papillomas than in normal tissue (14.2% + 2.5% 
versus 3.0% + 0.8% of L32, p = .003). The RRP specimens also had greater expression of XIAP, Fas, and p53 than did the normal 
tissue. Survivin protein was differentially expressed in the papilloma specimens, and was greatest in a papilloma that underwent 
malignant transformation. Survivin was absent in all normal laryngeal tissue tested. Apoptotic factors in general appear to be up- 
regulated in papillomatous tissue as compared to normal laryngeal tissue and may suggest a higher proliferation rate and cell turn- 
over. Survivin is abundant in papillomas and absent in normal laryngeal tissue. Dysregulation of apoptosis as determined by abnor- 
mal expression of anti-apoptotic factors like survivin and XIAP probably favors papilloma growth and survival. Such factors may 


represent potential targets in the treatment of this disease. 


KEY WORDS — apoptosis, human papillomavirus, recurrent respiratory papillomatosis, survivin, XIAP. 


INTRODUCTION 


Recurrent respiratory papillomatosis (RRP) is a 
potentially devastating disease that afflicts 4.3 in 
100,000 infants and children.! The disease is caused 
by the human papillomavirus (HPV) and is charac- 
terized by the appearance of wartlike excrescences 
in the larynx that causé hoarseness and/or airway ob- 
struction. The growth of these lesions may be relent- 
less, and to date, there is no cure for RRP. 


Although vertical transmission may occur in utero 
by hematogenous spread or by direct extension, the 
HPV is more likely transmitted to infants.during de- 
livery through a vaginal canal harboring an active or 
latent infection. Acommon viral infection of the cer- 
vix, HPV is present in an active form or a latent, 
asymptomatic form in 10% to 25% of women of 
childbearing age.” Approximately 6,000 children are 
currently afflicted with active RRP.! This relatively 
low number of patients with active disease suggests 
a low rate of vertical transmission. Of the known 90 


different types of HPV, only HPV type 6, type 11, 
and occasionally type 16 appear to cause RRP? 


Papillomas in patients with RRP tend to develop 
at the junction of squamous and ciliated respiratory 
epithelia and are most commonly found along the 
true and false vocal cords. Although papillomas may 
not appear in the remaining respiratory mucosa lin- 
ing the aerodigestive tract, the HPV genome is often 
harbored in normal-appearing cells in patients with 
RRP. 


Surgical extirpation of the laryngeal papillomas 
is a temporizing measure to provide children with a 
serviceable voice and to prevent asphyxiation. De- 
spite surgical removal, the papillomatous growths 
typically recur within weeks or months. Spontane- 
ous remission occurs in most children, but the age of 
remission is highly variable and unpredictable. Some 
children never enter remission and carry the disease 
into adulthood. These children are at greater risk of 
developing pulmonary lesions with the potential to 


From the Departments of Otolaryngology—Head and Neck Surgery (Poetker, Smith, Bauman) and Surgery (Sandler, Scott), The University of 
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undergo malignant degeneration.? 


For unknown reasons, the growth rate of papillo- 
mas is extremely variable; some patients require 
monthly removal of the lesions, whereas other pa- 
tients with active disease require only | or 2 annual 
procedures. It is possible that alterations in the pro- 
cess of apoptosis, or programmed cell death, may 
account for the variable growth patterns seen in such 
patients. Disruption of the balance between pro-apop- 
totic and anti-apoptotic factors may affect differen- 
tial cell growth and the development of neoplasms.4 


Survivin is an anti-apoptotic factor that is expressed 
in normally developing fetal tissues and also in most 
tumors, but is rarely expressed in differentiated, se- 
nescent, normal tissues.?-!? Survivin is also present 
in premalignant lesions such as Bowen's disease and 
hypertrophic actinic keratosis.!?^ Because of survi- 
vin's differential expression in highly proliferative 
cells and its unique association with the G2/M (pro- 
liferative) phase of the cell cycle, this apoptosis in- 
hibitor may represent an early step toward tumor pro- 
gression. 


The effect of HPV infection on cellular apoptosis 
and on expression of apoptotic factors is not clearly 
defined. Dysregulation of apoptosis may play a role 
in the pathogenesis of RRP whereby exuberant epi- 
thelial proliferation induces the development of pap- 
illomas. The purpose of this study was to evaluate 
expression of apoptotic factors, particularly survivin, 
in papilloma specimens and nondiseased laryngeal 
mucosa or epithelium. 


MATERIALS AND METHODS 


Tissue Specimens. Seventeen frozen tissue speci- 
mens were obtained from patients at The University 
of Iowa Hospitals and Clinics. Expression of mul- 
tiple messenger RNA (mRNA) species was compared 
between laryngeal papilloma specimens (n = 11) and 
normal-appearing laryngeal mucosa (controls; n = 
5). Control specimens were obtained from patients 
without RRP who were undergoing other procedures 
(supraglottoplasty, n = 2; laryngectomy, n = 1) and 
from cadaver specimens (n = 2). A single malignant 
specimen was obtained after degeneration of a pap- 
illoma. Tissue harvested for analysis was approved 
by the Institutional Review Board. 


Ribonuclease Protection Assay. The RiboQuant 
multi-probe protection assay system (PharMingen, 
San Diego, California) is a highly sensitive and spe- 
cific method for simultaneous detection and quanti- 
fication of multiple mRNA species. A customized 
template of human apoptosis probe sets (custom hu- 
man template set; PharMingen) was used to detect 
expression of XIAP, survivin, Fas, p53, BID, DR5 


(TRAIL-R2), DR4 (TRAIL-R1), Bax, Bcl2, L32, and 
GAPDH. 


Total RNA was isolated from the tissue specimens 
with Trizol (Gibco Life Technologies, Rockville, 
Maryland). The ??P-labeled antisense RNA probe was 
added, in excess, to 14 to 16 ug of target RNA. 32P- 
labeled antisense RNA was transcribed by means of 
T7 RNA polymerase (PharMingen) and [a-32P]UTP 
(Amersham Life Science, London, England). A 1:417 
dilution of ribonucleases (RNases; RNase A:T1 mix- 
ture; PharMingen) was added to the solution for 45 
minutes at 30°C to digest the unhybridized probe and 
target RNA. The RNases were inactivated, and the 
protected, double-stranded RNA pellets were dried, 
resuspended in 5 uL of 1x loading buffer (PharMin- 
gen), and electrophoresed on a 5% polyacrylamide- 
8 mol/L urea gel. The polyacrylamide-urea gel was 
dried on blotting paper for | hour at 80°C. The la- 
beled probes were then quantified by autoradiogra- 
phy by exposing the blotting paper to Bio Max Film 
(Kodak, Rochester, New York) with an intensifying 
screen (Kodak) for 20 hours at —80°C. 


Radio-Analytic Imaging. For comparative analy- 
sis, we quantified mRNA species expression as a per- 
centage of the ribosomal protein L32 mRNA expres- 
sion. The radioactivity of each band in the sample 
was quantified, standardized, and compared to the 
L32 expression of the sample. The radioactivity of 
each template was quantified directly from the gel 
for 1,000 minutes by a radio-analytic imaging sys- 
tem (Ambis 4000, Ambis Inc, San Diego) equipped 
with Ambis QuantProbe software version 3.0. Net 
counts were obtained from each template (band) in- 
cluding L32, and the radioactivity was expressed as 
a percentage of the L32 activity. 


Western Blot for Protein Expression. For confir- 
mation of protein expression, the standard technique 
of Western blot was performed. Briefly, tissue lysate 
proteins were isolated by macerating tissue biopsy 
specimens and solubilizing cells with RIPA buffer 
and protease inhibitors. The protein content was quan- 
tified by the Lowry protein assay.!^ Isolated proteins 
(120 ug) were diluted in Laemmli buffer and sepa- 
rated by 1296 sodium dodecyl sulfate-polyacryla- 
mide gel electrophoresis under nonreducing condi- 
tions. Subsequently, proteins were electrophoretically 
transferred to a nitrocellulose membrane at 210 mA 
for 3 hours. Membranes were then blocked in TBS 
plus 5% skim milk for 1 hour at room temperature 
or overnight at 4°C. After washes in TBS with 0.3% 
Tween-20, the membranes were then incubated for 
| hour at room temperature with rabbit polyclonal 
antibody to survivin (20 ug/mL; supplied by Dario 
Altieri, Yale College of Medicine, New Haven, Con- 
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Fig 1. Example of ribonuclease protection assay (RPA) 
autoradiographic plate showing bands marking various 
messenger RNA species detected in several specimens 
of recurrent respiratory papillomatosis (RRP) and nor- 
mal tissues. 


necticut). Again after washing, the membranes were 
incubated with a 1:2,500 dilution of horseradish per- 
oxidase-labeled goat anti-rabbit IgG secondary an- 
tibody at room temperature for | hour. Bands were 
viewed by a chemiluminescence reaction with the 
ECL chemiluminescence system ( Amersham, Arling- 
ton Heights, Illinois). 


Data Analysis. Apoptotic mRNA expression was 
determined and compared among papillomas and 
normal tissue specimens by Student's r-test. 


RESULTS 


Ribonuclease Protection Assay. Apoptotic mRNA 
from tissue specimens was quantified as a ratio of 
their own ribosomal protein L32, and expression in 
RRP samples (n 2 11) was compared to that in nor- 
mal laryngeal tissue samples (n 2 5; Fig 1). The mean 
(+SD) survivin expression in the RRP samples was 
14.2% + 2.896 of L32 expression, whereas the mean 
survivin expression in normal laryngeal tissue was 
only 3.096 € 0.896 of L32 (p 2 .003). The differential 
mRNA survivin expression in papillomas ranged 
from 5% to 35% of L32 expression, whereas the 
range in normal tissue was 1% to 5%. Similarly, 
XIAP, another inhibitor of apoptosis within the same 
family as survivin, was expressed at 14.2% + 4.3% 
of L32 in RRP specimens, but only at 0.4% + 0.2% 
of L32 in normal controls (p = .009; Fig 2). Expres- 
sion of Bcl-2, another inhibitor of apoptosis unre- 
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Fig 2. RPA results of survivin and XIAP expression in 
normal and RRP specimens. Messenger RNA expression 
is quantified as percentage of L32 expression in each 
sample. p Values shown as calculated by Student's /-test. 


lated to the survivin family, did not differ between 
papillomas and controls (p = .6). 


The mRNA expression of several pro-apoptotic 
factors was also up-regulated in papillomas, perhaps 
reflecting a higher rate of turnover and an increased 
rate of proliferation of cells. Fas expression in the 
RRP samples was 12.0% + 2.3%, as compared with 
4.8% + 0.9% in the normal tissues (p = .01). The 
RRP tissues had a mean p53 expression of 40.2% + 
9.4%, whereas normal tissues had a mean p53 expres- 
sion of 9.8% + 2.5% (p = .02). The ratio of survivin 
expression to Fas expression in the RRP samples was 
0.87, and this ratio in the control specimens was 0.66 
(pz .23). 


Survivin expression in the pulmonary tumor that 
had undergone malignant transformation from a pap- 
illoma was 42.8% of L32 expression, but was only 
7.6% in the nondegenerated laryngeal papilloma ob- 
tained from the same patient several years earlier. 


Western Blot Analysis. Western blot analysis con- 
firmed the expression of survivin protein in the RRP 
specimens, whereas no survivin protein was detected 
in any of the non-RRP samples tested. Differential 
expression of survivin between samples was again 
noted (Fig 3). 

DISCUSSION 

Apoptosis is an essential process critical for nor- 
mal development and cellular homeostasis, which de- 
pends on a balance of pro-apoptotic and anti-apop- 
totic factors. There are many different triggers and 
stimuli that lead to apoptosis; however, they all con- 
verge to a central apoptotic pathway in which cys- 
teine proteases, called caspases, are activated.!? The 
apoptotic mediators stimulate the activity of initia- 
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Fig 3. Western blot analysis of survivin expression in 
several RRP tissue samples (RRP | through RRP 5), nor- 
mal tissue samples (NORMAL), single specimen follow- 
ing malignant transformation (MALIG TX), and positive 
control (+ CONTROL). Note differential expression of 
survivin in RRP specimens and absence of survivin in 
normal laryngeal tissue tested. Equal amounts of protein 
were loaded in each lane, and numbers assigned to each 
specimen do not correlate with numbers in Fig 1. 


tor caspases that then go on to activate effector cas- 
pases.!? The effector caspases induce the cellular 
changes that lead to cell death.!> 


All cells have regulatory proteins that protect the 
cell from the premature activation of the apoptotic 
pathway in order for the cell to survive and to per- 
form its specific function. Multiple families of pro- 
teins, including the inhibitor of apoptosis protein 
(IAP) family and the Bcl-2 family, are inhibitors of 
apoptosis that play a role in regulating normal cellu- 
lar homeostasis. Overexpression of a regulatory pro- 
tein, or perhaps expression at a critical point of the 
cell cycle, may lead to cellular malfunction and dis- 
ease development. 


Survivin is a member of the IAP family, and has 
been described as having a topographic structure sim- 
ilar to that of microtubule-associated proteins.!® Sur- 
vivin is thought to be a transcription-regulated pro- 
tein, expressed in the G2/M phase, and its function 
is believed to be associated with mitotic spindle sta- 
bilization during cell division.!6 Survivin is expressed 
in fetal tissue and is a common feature of malignant 
cells, but is notably absent in most mature, differen- 
tiated tissues. Survivin expression is associated with 
tumor aggressiveness and is thought to permit aber- 
rant proliferation through the cell cycle by protect- 
ing the cell from apoptosis. Survivin is also shown 
to inhibit specific caspases of the apoptotic path- 
way. 16.17 


Human papillomavirus infections have long been 


associated with carcinoma. The role of the HPV in- 
fection is not entirely known; however, it is widely 
accepted that HPV genes E6 and E7 are responsible 
for disruption of cell cycle control. The gene prod- 
uct of E6 has been shown to bind to p53 and cause 
its destruction through ubiquitin-mediated proteoly- 
sis, thus inhibiting the regulatory effects of this pro- 
tein. The E7 gene product has been shown to alter 
the phosphorylation state of the Rb gene product, in- 
activating the protein.!*.!? The pathogenicity of the 
HPV strain may be related to the affinity of the indi- 
vidual strain's E6 and E7 proteins for their respec- 
tive targets. !? 


By enhancing an anti-apoptotic factor, such as sur- 
vivin, viral infection of a cell may enhance survival 
of both the virus and its host cell. This study demon- 
strates a significant increase in the expression of the 
anti-apoptotic factor survivin and IAP in papilloma 
specimens sampled from patients with RRP. We have 
also demonstrated a tenfold increase in survivin ex- 
pression in a single sample of malignant papilloma 
tumor over the mean survivin expression of control 
laryngeal tissue, with a sixfold increase in expres- 
sion over its premalignant state. Although abundant 
anti-apoptotic Bcl-2 gene expression has been re- 
ported by other investigators using reverse transcrip- 
tion-polymerase chain reaction,?? we did not find 
Bcl-2 mRNA expression to be increased in papilloma 
specimens as compared to normal control mucosa. 


The extent and growth rate of papillomas vary 
markedly among patients with RRP. This variation 
may be dependent on both the proliferation rate of 
the papilloma and the ability of the immune system 
to suppress further growth. Survivin expression in 
infected cells may not only enhance aberrant prolif- 
eration of the host cell, but it may also protect the 
cell from immune-mediated destruction. Differential 
expression of survivin was noted in the papillomas 
sampled, and although speculative, it is possible that 
survivin expression may correlate with disease ac- 
tivity. Papillomas form from normal tissues after in- 
fection with a viral catalyst. These benign neoplasms 
may continue to grow at a stable rate, may degener- 
ate to a malignancy, or may spontaneously regress. 
Dysregulation of cellular apoptosis by HPV infec- 
tion could play a critical role in defining the ultimate 
outcome of this disease. Specific apoptotic media- 
tors that are aberrantly expressed in papillomas may 
act as novel therapeutic targets. 
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Deficits in voice and swallowing are found in the elderly, but the underlying neuromuscular mechanisms are unclear. A potential 
mechanism may be denervation-induced muscle fiber transformation to a slower-contracting type of muscle fiber. This study exam- 
ined young, old, and denervated rat laryngeal muscles (lateral thyroarytenoid, lateral cricoarytenoid, and posterior cricoarytenoid) to 
examine differences in myosin heavy chain (MHC) composition. Results of sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis analyses indicated that all muscles were composed predominately of type IIB MHC. With aging and denervation, type IIB 
was reduced and type IIX, a slower-contracting isoform, was increased in the lateral thyroarytenoid and lateral cricoarytenoid muscles. 
In the posterior cricoarytenoid muscle, the MHC composition was relatively unchanged. These findings suggest that aging may 
affect laryngeal adductory function by altering muscle fiber type composition to a slower-contracting isoform, in a manner similar to 


that observed with denervation. 


KEY WORDS — aging, lateral cricoarytenoid muscle, myosin heavy chain, posterior cricoarytenoid muscle, thyroarytenoid 


muscle. 
INTRODUCTION 


Deficits in voice and swallowing are frequently 
found in the elderly.!-? However, the underlying neu- 
romuscular mechanisms of age-related dysphonia 
and dysphagia are unclear, because few investiga- 
tions have directly addressed the upper aerodigestive 
tract. Most work on aging has focused on limb mus- 
culature. Direct study of cranial muscles is techni- 
cally difficult, particularly within the larynx, because 
of the small size and limited access. It is necessary, 
however, to study laryngeal muscles directly, because 
there are substantial differences between limb and 
laryngeal muscles in structure and innervation ra- 
tios. 6^? 


Information available from limb muscle studies is 
indicative of marked changes in the contractile prop- 
erties of senescent muscle, including reductions in 
peak twitch tension and peak tetanic tension, and in- 
creased time to peak and relaxation time values. !9 
Aging does not affect all muscles or muscle fiber 
types equally,!! in that greater age-related atrophy 
has been found in fast-twitch (type II) fibers relative 


to slow-twitch (type I) fibers.!?-!3 Because of the rap- 
idly contracting nature of laryngeal muscles, age-re- 
lated changes in the intrinsic muscles of the larynx 
are likely. In fact, in aged thyroarytenoid muscle, 
there have been reports of slower contractions with 
reduced amplitude and slower recovery from fa- 
tigue.!4.1^ These changes in laryngeal muscle contrac- 
tile properties correspond to structural observations 
of decreased type II and increased type I muscle fi- 
ber composition with increasing age,!6 which sug- 
gest muscle fiber transformation to a slow-contract- 
ing fiber type. 


Myosin heavy chain (MHC) is the primary compo- 
nent of the thick filament, is the predominant pro- 
tein in skeletal muscle, and is expressed in a tissue- 
specific and developmentally regulated manner.!? 
The maximum contraction speed of a given muscle 
fiber is determined by particular MHC isoforms, 
which can be identified via a variety of enzyme his- 
tochemical, immunohistochemical, and gel electro- 
phoresis techniques. Five MHC isoforms have been 
identified in intrinsic laryngeal muscles in human 
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and animal models, including types I (slow), IIA 
(fast), IIB (fast), IIX or IID (fast), and IIL (super- 
fast).18.19 


In laryngeal muscle, alterations in MHC isoforms 
have been observed after muscle injury,” nerve sec- 
tion?! chemodenervation,7 and thyroid hormone im- 
balance.” With aging, alterations in MHC composi- 
tion have also been reported in jaw and limb mus- 
cles,7^ such that type IIB composition tends to de- 
crease while type IIX increases.”> Interestingly, it has 
been suggested that MHC composition in denervated 
laryngeal muscle is characterized by a transforma- 
tion to a more slowly contracting isoform.?? Because 
of the slower contraction and recovery times found 
in senescent muscle, it is reasonable to expect that 
aged muscle might also manifest denervation-like 
changes to a slower MHC isoform. Accordingly, it 
is our hypothesis that alterations observed in the mor- 
phology or physiology of aged laryngeal muscle re- 
flect a natural denervation process. The goal of this 
study was to examine aged laryngeal muscle in a rat 
model to determine whether aged muscles manifested 
alterations in MHC composition suggestive of dener- 
vation. 


MATERIALS AND METHODS 


Experimental Animals and Surgical Procedures. 
Six young (9-month-old) and 5 old (24-month-old) 
Fischer 344/Brown Norway hybrid (F1 hybrid) rats 
were obtained from a National Institute on Aging ani- 
mal colony. Their body weights averaged 398 g (SD, 
17 g) for the young rats and 591 g (SD, 62 g) for the 
old rats. The old animals were anesthetized with an 
intraperitoneal injection of ketamine hydrochloride 
(90 mg/kg) and xylazine hydrochloride (9 mg/kg) 
and euthanized with an intracardiac injection of 7.2% 
chloral hydrate. Whole larynges were immediately 
harvested and frozen in liquid nitrogen. In the young 
rats only, the left recurrent laryngeal nerve was sec- 
tioned to create a unilateral left-sided denervation of 
the laryngeal muscles. In prior work, we determined 
that reinnervation effects in rat laryngeal muscle 
could be observed 2 to 4 weeks after denervation. 
Because of our interest in studying denervation-rein- 
nervation processes in this investigation, we waited 
4 weeks after the denervation procedure to euthanize 
the animals and harvest the larynges. As a control, 
left-sided laryngeal paralysis was confirmed by means 
of arat microlaryngoscopic technique before the ani- 
mals were euthanized.26 Electromyographic data on 
the paralyzed side were not collected because of our 
assumption, based on observations of neuromuscu- 
lar junction changes in another study, that reinnerva- 
tion processes were under way at this time point." 
To view the vocal folds, we placed the anesthetized 


animal into a malleable lead operating platform in a 
near-vertical position with the mouth held open. A 
custom-made wire laryngoscope was then inserted 
into the mouth, and the animal's position was ad- 
justed to maximize the view of the vocal folds under 
a Zeiss surgical microscope. After unilateral vocal 
fold paralysis was visually confirmed, the animals 
were euthanized and their larynges were removed 
and frozen. 


With a cryostat, 20- and 60-um serial coronal sec- 
tions were made of laryngeal blocks for study of the 
lateral thyroarytenoid (LTA) muscle and lateral crico- 
arytenoid (LCA) muscle, and serial axial sections 
were made for the posterior cricoarytenoid (PCA) 
muscle. All muscle sections were mounted on micro- 
scope slides and stored in a~70°C freezer. In the old 
rats, analyses encompassed laryngeal muscles on 1 
side of the larynx, and in the young animals, both 
the normal and denervated sides were studied. In this 
manner, MHC composition was examined in 3 dis- 
tinct groups of muscle samples: young, old, and de- 
nervated. 


Muscle Section Staining. The 20-um-thick laryn- 
geal sections were stained by a standard hematoxy- 
lin and eosin protocol for identifying the LTA, LCA, 
and PCA muscles. This procedure was performed as 
a control to ensure that muscle samples identified in 
the thicker sections (60 um) were in fact from the 3 
target muscles. 


Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis. Specimens from individual muscles 
for each animal were processed separately. The 60- 
um sections were soaked for 15 minutes in an ice- 
cold relaxing solution (mmol/L: KCl, 100; imida- 
zole, 20; MgATP, 4; EGTA, 2; free Mg?*, 1; pH 7.0 
at 22°C).28 Small bundles of muscle fibers were dis- 
sected from each muscle section with a stainless steel 
needle under a stereomicroscope. Each specimen was 
placed in 20 uL of sample buffer (15% glycerol, 1% 
sodium dodecyl sulfate, 14 mmol/L Tris, 3.4 mmol/ 
L dithiothreitol, 0.5% leupeptin, 0.05% bromophenol 
blue). The muscles were centrifuged at 14,0002 for 
] minute and homogenized in an ultrasonic bath. The 
sample buffer was diluted up to 10 times to adjust 
the protein amount. Sodium dodecyl sulfate—poly- 
acrylamide gel electrophoresis was performed with 
a 0.75-mm-thick 6% acrylamide/30% glycerol sepa- 
rating gel (18 x 16 cm) and a 4% acrylamide/30% 
glycerol stacking gel. The running conditions were 
set at 275 V and 20 mA for 24 hours at 10°C. The gel 
was stained with 1 mmol/L silver nitrate and deyel- 
oped to visualize protein bands. so 


Data Analysis. Individual silver-stained gels were 
digitally imaged on a flatbed scanner with a transpar- 
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PERCENTAGE (MEAN + SD) AND P VALUE ON POST HOC TESTS OF EACH MYOSIN HEAVY CHAIN 


























Type IIA Type IIX Type IIB Type IIL Type l 
Lateral thyroarytenoid muscle 
Young 0 0 99.7 40.5 034105 0 
Old 0 11.0 €£.8 88.0 + 8.0 HOS he 0 
Denervated 0 22.3 1 4.8 76.6 + 6.1 LI 2.3 0 
p Value on post hoc tests (Scheffe) 
Young versus old N/A .01 .01 NS N/A 
Young versus denervated N/A <.000 1 «.0001 NS N/A 
Old versus denervated N/A .008 .02 NS N/A 
Lateral cricoarytenoid muscle 
Young 6.4 t 7.7 45.0152 46.0 + 11.1 Lo Lag 0.1 0.2 
Old 18.5 + 8.6 65.7 26.7 10.8 + 9.0 349 3 3.0 0 
Denervated 3623.5 1162 12.3 24.0 + 11.7 0.8 + 0.8 0 
p Value on post hoc tests (Scheffe) 
Young versus old .04 .006 .0004 NS .006 
Young versus denervated NS .0005 .01 NS NS 
Old versus denervated .01 NS NS NS N/A 
Posterior cricoarytenoid muscle 
Young BLEE LS 11.2 3- 2.0 78.8 + 3.8 2.9 t 0.7 0 
Old 11.3243 12.1 0.8 735 t 5.4 JOE ] 0 
Denervated 6543354 61.6 t 5.6 275 t3.) 4.3 t 2.4 0 
p Value on post hoc tests (Scheffe) 
Young versus old NS NS NS NS N/A 
Young versus denervated NS .0001 .0001 NS N/A 
Old versus denervated NS .0001 .0001 NS N/A 


N/A — not applicable; NS — not significant. 








ency system and analyzed densitometrically by com- 
puter-assisted image analysis (Scion Image 1.62). 
The percentage of each MHC isoform in each col- 
umn of the gel was calculated by using the density 
waveform as the area under the curve for a particu- 
lar MHC band over the total area for all MHC bands 
in that column. In this manner, the relative MHC com- 
position for each muscle was calculated. One-way 
analysis of variance followed by Scheffe's post hoc 
test was performed to compare the MHC composi- 
tion expressed for each muscle as a function of age 
or denervation group. 


RESULTS 


Lateral Thyroarytenoid Muscle. As shown in the 
Table and the Figure, A, significant differences in 
MHC composition were found among the young, old, 
and denervated muscles. In this adductory muscle, 
the proportion of type IIB MHC was significantly 
and progressively reduced in the old and denervated 
muscles relative to the young muscles. In contrast, 
the proportion of type IIX MHC was observed to 
increase significantly in the denervated and old mus- 
cles relative to the young. Significant differences 
were found among all 3 muscle groups on post hoc 
tests, such that the old muscles evidenced a signifi- 
cantly larger proportion of type IIX MHC than the 








young, and the denervated muscles manifested a sig- 
nificantly larger proportion than the old. This pro- 
gressive increase of type IIX MHC was the opposite 
of the progressive decrease noted for the type IIB 
MHC with aging and denervation. No type IIA or 
type I MHC was detected in any of the LTA muscles 
for any group. No significant differences in the pres- 
ence of the superfast isoform, type IIL, were found 
across age or denervation groups. 


Lateral Cricoarytenoid Muscle. The proportion of 
type IIB MHC was significantly reduced in the old 
muscles relative to the young muscles, whereas type 
IIX MHC proportions were significantly increased 
(see Table and Figure, B). Type IIA MHC propor- 
tions in the old muscles were significantly larger than 
those in the young and denervated muscles. No sig- 
nificant differences in type IIL were found across 
age or denervation groups. A small amount of type I 
MHC was found in the LCA muscle. 


Postertor Cricoarytenoid Muscle. Data for this ab- 
ductory muscle are found in the Table and the Fig- 
ure, C. Although there were no differences in type 
IIB and type IIX MHC composition in the young 
group versus the old group, the proportions of these 
isoforms were significantly altered in the denervated 
muscles. Specifically, the type IIB proportion was 
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Changes in myosin heavy chain isoforms in muscles on representative gels from sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis. A) Lateral thyroarytenoid muscles. Myosin heavy chain types IIX, IIB, and IIL were detected. No type IIA or 
type I was detected. Proportion of type IIB was significantly reduced in old and denervated muscles relative to young muscles, 
while proportion of type IIX was increased significantly. B) Lateral cricoarytenoid (LCA) muscles. Types HA, HX, HB, and 
IIL and small amount of type I were detected. Proportion of type IIB was significantly reduced in old muscles relative to young 
muscles, while type IIX proportions were increased. C) Posterior cricoarytenoid muscles. Types IIA, IX, IIB, and IIL and 
small amount of type I were detected. No significant differences were noted between young and old muscles in isoform 
proportion. However, in denervated muscles, significant increase in type IIX and reduction in type IIB were found in compari- 
son with young muscle. (At IIB, mark above myosin heavy chain band for young animals is artifactual.) 


seen to be significantly reduced, while type IX MHC 
had increased. This is the same pattern of MHC trans- 
formation noted for denervated LTA and LCA mus- 
cles. No change was detected in the proportion of 
type IIA or type I MHC isoforms across age or dener- 
vation groups. Very little type IIL MHC was detected 
in any of the PCA muscle samples. However, an in- 
crease in the proportion of the superfast type IIL iso- 
form was detected in the old muscles relative to the 
young and denervated samples. 


DISCUSSION 


The larynx facilitates the important biological 
functions of airway protection and voice production, 
and appears to undergo significant functional changes 
throughout the life span. With regard to airway pro- 
tection, weakness and atrophy of the laryngeal mus- 
cles may contribute to the large numbers of elderly 
persons with dysphagia and associated deficits in 
general health, nutrition, and quality of life. Despite 
this significant clinical problem, however, there has 
been limited research into age-related muscular 


changes within the larynx. The direct study of laryn- 
geal muscles is important toward the goal of devel- 
oping effective interventions for elderly persons, or 
effective preventive measures. 


The goal of this study was to evaluate putative 
changes in laryngeal muscle fiber type, with the hy- 
pothesis that the changes observed in the aging lar- 
ynx might reflect a level of neuromuscular disorga- 
nization consistent with a denervation-reinnervation 
state. In general, the pattern of age-related alteration 
in MHC composition found in rat laryngeal muscles 
supported this hypothesis. Specifically, in the LTA 
muscle, a progression of alteration in type IIB and 
type IIX MHC composition from young to old to 
denervated muscle was found, such that type IIB fi- 
ber composition decreased and type IIX increased 
with aging and denervation. This pattern of MHC 
transformation was also found in the other adductory 
muscle, the LCA, and has been noted by others in 
aged limb muscles.?? No change in type I MHC com- 
position was found, but type IA MHC increased in 
old and denervated LCA muscles, relative to young. 


966 Suzuki et al, Myosin Heavy Chain isoforms 


The superfast isoform, type IIL, which has been iden- 
tified in laryngeal muscles innervated by the recur- 
rent laryngeal nerve and in extraocular muscles,!5-29 
is presumed to contribute to the very rapid contrac- 
tion times noted for these muscles. In our study, we 
did not find a consistent pattern of alteration in the 
type IIL MHC proportion across muscles, although 
an increase in the old and denervated PCA muscle 
groups was noted. 


In general, the speed of muscle fiber contraction 
can be characterized in terms of maximum shorten- 
ing velocity (Vmax), which is closely related to MHC 
composition within a muscle.?? Specifically, the Vmax 
in type I muscle fibers is lower than that in type II 
muscle fibers. Within the type II category, type IIB 
muscle fibers have the highest Vmax, followed by 
type IIX and type IIA, which appear to have similar 
shortening velocities.?'-5? Accordingly, a reduced pro- 
portion of type IIB MHC and an increased propor- 
tion of type IIX MHC in aged LTA and LCA muscles 
suggests a transformation to a slower isoform, as 
reported previously for denervated muscle.?? These 
findings may explain the reductions in muscle con- 
traction times reported in aged laryngeal muscles.!^.'? 


The regulation of MHC isoform expression is not 
clearly understood, but involves complex interactions 
among multiple intracellular signaling pathways.?? 
Whereas electrical activation can transform MHC iso- 
forms from slow to fast, reduced neuromuscular ac- 
tivity is associated with a reverse transformation pro- 
cess, from fast to slow MHC.?? However, the rate and 
extent of transformation are highly dependent upon 
the animal species studied and the type of manipula- 
tion performed. In the rat larynx, denervation via me- 
chanical or chemical means has typically resulted in 
an increase in type IIX MHC.?!-?? Our results are con- 
sistent with these findings, in that increased type IHX 
MHC proportions were found in all 3 laryngeal mus- 
cles with denervation, and in the aged LTA and LCA 
muscles. These results reinforce our hypothesis that 
aging may represent a natural denervation process in 
the intrinsic laryngeal muscles, which may lead to a 
transformation to more slowly contracting muscle fi- 
ber types. It has been suggested by work in rat me- 
dial gastrocnemius that the mechanism for this change 
may be denervation of fast-contracting muscle fibers, 
with reinnervation via axonal sprouting from more 





slowly contracting fibers.*4 


Muscle disuse, which may be better termed as “‘re- 
duction" or "alteration" in use,*> has been proposed 
as a cause of muscular atrophy observed in the aged. 
This hypothesis has intuitive appeal, due to the as- 
sumption that the elderly are less active. However, 
the fact that the muscles of speech, swallowing, and 
respiration!? undergo changes associated with aging 
argues against this hypothesis, as aged individuals 
speak, swallow, and breathe frequently within any 
given day. Nevertheless, we might consider attribut- 
ing the differential changes in MHC alteration in the 
aged laryngeal adductory (LTA, LCA) versus abduc- 
tory muscles (PCA) to the extent of neuromuscular 
activity, although greater or more sustained neuro- 
muscular activity in the PCA muscle, a key compo- 
nent of the respiratory system, has not been docu- 
mented. The differential manifestations in adductory 
versus abductory muscles discovered in this study 
are compelling and suggest that functions more criti- 
cally tied to adduction, such as phonation and air- 
way protection, may be more impaired in the elderly 
than those functions dependent upon abduction, such 
as respiration. 


In conclusion, it appears from the alterations ob- 
served in MHC proteins that muscles of laryngeal 
adduction undergo a progressive change to a slower- 
contracting fiber type as a function of aging, which 
mirrors the changes observed after denervation. In 
this study, the ages of the old animals approximated 
the half-life of the particular strain of rat used. There- 
fore, these animals cannot be presumed to manifest 
severe age-related alterations commensurate with 
complete denervation. As such, further investigation 
in an older group of animals is warranted to deter- 
mine whether these changes are progressive, and to 
determine the manner in which MHC protein changes 
affect physiology and function. Given that muscle 
fibertype transformations appear to be reversible with 
recovery from denervation injuries,?? it would also 
be beneficial to determine whether the age-related 
decline in muscle contractile function in the larynx 
can be positively affected by particular interventions. 
In light of the serious and pervasive problem of swal- 
lowing disruption in the elderly, increased study of 
age-related changes in neuromuscular function in the 
head and neck appears crucial. 
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EFFECTS OF PREDNISONE AND IBUPROFEN ON RADIO FREQUENCY 
VOLUME TISSUE REDUCTION IN A RABBIT MODEL 


JOSEPH K. HAN, MD 


B. TUCKER WOODSON, MD 


MILWAUKEE, WISCONSIN 


This study investigates whether acute anti-inflammatory medications (prednisone and ibuprofen) alter muscle volumetric reduc- 
tion following radio frequency tissue ablation (RFTA ). We used a rabbit model to measure changes in leg muscle volume using serial 
magnetic resonance imaging in 3 groups: RFTA without medication (group 1). RFTA with prednisone and ibuprofen (group 2), and 
no RFTA or medication (group 3). The mean volumetric changes for groups | and 2 differed on days 1 and 7 (40.5 cm? versus —0.4 
cm?, p < .0001; and —0.03 cn? versus —0.7 cm}, p < .05), but not on day 28 (—0.8 cm? versus —1.0 cm?, not significant). Group 3 had 
no change in volume. The volumetric reduction varied. Impaired volumetric reduction («5096 mean change) occurred in 30% of 
extremities and correlated to lower tissue impedance (p < .04). Combined steroidal and nonsteroidal anti-inflammatory medications 
did decrease acute edema, but not the final volumetric reduction, following RFTA. Volumetric changes are variable and may be 


altered by tissue impedance. 


KEY WORDS — electrosurgery, muscle, obstructive sleep apnea, radio frequency, tissue ablation, wound healing. 


Electricity has been used as a surgical tool for de- 
cades. Clark reported the first use of electricity for 
surgery in 1911, and Cushing and Bovie popularized 
its use in 1928.12 Most commonly, electricity has been 
used to cut and coagulate tissue. Radio frequency 
also has been used to ablate or volumetrically re- 
duce tissues. Radio frequency tissue ablation (RFTA) 
has been described in multiple medical applications: 
liver metastasis, atrial fibrillation, benign prostatic 
hyperplasia, trigeminal nerve neuralgia, and snor- 
ing.*-!? Volumetric tongue muscle reduction has been 
previously demonstrated in a porcine model and 1s 
now being evaluated as a less invasive alternative to 
traditional glossectomy for treatment of obstructive 
sleep apnea syndrome. !>-!4 


Radio frequency energy is an electromagnetic wave 
that has a frequency between 3.0 x 10° and 3.0 x 106 
Hz.? This electromagnetic energy produces an alter- 
nating current in ionic mediums such as muscle. The 
current travels from the radio frequency generator 
through an electrode, ionic particles of the body, and 
the grounding pad and then back to the generator. 
The intrinsic resistance to the current in a tissue is 
responsible for the heat production and ablation of 
that tissue. The thermal energy from the RFTA causes 
cell death at 45°C, cell depolarization at 60°C, ne- 
crosis and edema at 70°C, and water vaporization at 
100°C. Typically, RFTA of the muscle is performed 
between 75°C and 85°C to cause cell necrosis and 


edema. After the thermal injury, an inflammatory re- 
sponse occurs and necrotic debris and injured cells 
are removed over several hours to days during the 
catabolic phase of wound healing.'? Collagen and 
fibroblasts are deposited, organized, and contracted 
at the injured site during the anabolic phase of wound 
healing.!ó Removal and destruction of muscle tis- 
sue, organization of collagen, and fibroblast contrac- 
tion may contribute to muscle wound volumetric re- 
duction. 


Nonsteroidal anti-inflammatory drugs (NSAIDs) 
and steroids, which are often used to control pain 
and decrease swelling after RFTA of the tongue base, 
decrease both inflammation and epithelial wound con- 
traction.!?.! 7-1? Potentially, NSAIDs and steroids may 
reduce muscle volumetric reduction (and treatment 
efficacy) by decreasing inflammation and wound 
contraction. To evaluate the effects of the acute anti- 
inflammatory medications, we developed an animal 
model to measure the combined effects of 2 anti- 
inflammatory medicines (NSAIDs and steroids) on 
the volumetric reduction of muscle after RFTA. 


METHODS 


Animals. Twenty-two mature male and female 
New Zealand rabbits weighing 5 to 6 pounds were 
used for the study. The animals were housed in sepa- 
rate cages and cared for according to the NIH Guide 


for the Care and Use of Laboratory Animals and Re- 
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Fig 1. Axial fast spin density weighted magnetic resonance images of left and right legs. Images were taken on A) day 0, B) 
day 1, C) day 7, and D) day 28. Hyperintense mass (L) is site of ablation, and intermediate signal mass is muscle (M). Notics 
decreasing size of ablated lesion. 


sponsible Use and Care of Animals in Research and 
Teaching. Xylazine hydrochloride (5 to 18 mg/kg) 
and ketamine hydrochloride (30 to 50 mg/kg) were 
used to anesthetize the rabbits during magnetic reso- 
nance imaging (MRI) and RFTA. Buprenorphine hy- 
drochloride (0.05 to 0.1 mg/kg) was given for post- 
operative pain management. Prednisone (1 mg/kg per 
day) and ibuprofen (10 mg/kg every 4 hours) were 
given immediately before the operation and for 5 days 
after the operation. 


Thermal Injury. A radio frequency generator (Som- 
nus Medical Technologies, Inc, Sunnyvale, Califor- 
nia) with custom-fabricated needle electrodes was 
used to ablate the muscle compartment of each leg. 
The radio frequency energy was delivered at 10 W 
for a total of 1,000 J to each leg muscle group (so- 
leus and gastrocnemius muscle compartments). The 
microthermocoupler on the electrodes allowed the 
simultaneous recording of total energy delivered, test 
duration, resistance, and temperature. The electrode 
was positioned in the center of the muscle compart- 
ment as confirmed by palpation and subsequent MRI. 


Volumetric Measurement. Volumetric measure- 
ments were performed with a 1.5-T MRI machine. 
Three-millimeter axial images were made through 
the leg from the knee to the ankle. Commercial soft- 
ware (Wildfire, GE Medical, Schenectady, New York) 
was used to measure the area of the leg muscle and 
then calculate the volume of the axial images based 
on the width of the slice. The volume of the muscle 


from the knee to the ankle was calculated for each 
extremity. 


Design. Forty-four extremities (22 rabbits) were 
used in the study. The rabbits were divided into 3 
groups. Two active treatment groups received RFTA 
with no medicine (group 1, n = 20) and RFTA with 
prednisone and ibuprofen (group 2, n = 20). A third 
group (control) with no RFTA or medicine (group 3. 
n = 4) was included. For all groups, an initial (day 0) 
MRI scan was performed. For groups | and 2, RFTA 
was performed on the same day as the initial MRI. 
Imaging was performed on days |, 7, and 28 (Fig 1). 
For the control group (group 3), MRI was performed 
7 days after the initial MRI. 


Statistical Analysis. A sample size of 20 was se- 
lected to identify a 25% volumetric reduction with a 
D error of .95. The results of the study were compared 
with an analysis of variance for multiple variables. 


RESULTS 


The weights of the rabbits did not change signifi- 
cantly during the time of the study. The 40 muscle 
compartments that received RFTA had an average 
initial volume of 18.1 cm?. The average volume had 
decreased by 0.9 cm? (Table 1) by 28 days after the 
RFTA. The details of treatment time, energy, maxi- 
mum temperature, and impedance for groups | and 
2 are given in Table 2. The final volumetric reduc- 
tions did not statistically differ between groups | and 
à (pz .7). 
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TABLE 1. VOLUME OF LEG MUSCLES FOR DAYS 











0, 1, 7, AND 28 
Group Group Groups Group 
Day f 2 l and 2 3 
0 20.4 £38 15:6415 18.1537 146412 
l 20.943.8 154¢14 18.2+4.0 
WIESA DIFLAS 1726t36 146410 
28 195 5,3. MEELIS. 7.2435 


Data are in cubic centimeters (mean + SD). Groups | and 2 had 
volume reduction. Group 3 did not have volume reduction. 





Group | initially demonstrated an increased mus- 
cle volume, which decreased over the next 28 days 
(Fig 2). Group 2 had no immediate edema of the mus- 
cle compartments. The extremity volumes differed 
between groups 1 and 2 on days 1 and 7, but not on 
day 28. The control group, group 3, demonstrated 
no change in muscle volume (Table 1). 


The volumetric reduction was not consistent in all 
the extremities that received RFTA. Impaired volu- 
metric reduction was arbitrarily defined as a less than 
50% decrease from the mean volumetric changes for 
groups | and 2. Thirty-five percent of group 1 and 
25% of group 2 demonstrated impaired volume re- 
duction, and the percentages of impaired volumetric 
reduction were not statistically different between the 
two groups. There was no statistical difference for 
total energy, maximum electrode temperature, treat- 
ment time, or site of the ablative lesion confirmed 
on MRI between the impaired and the nonimpaired 
groups. The impedances differed between the im- 
paired (199 Q) and nonimpaired (220 Q) extremi- 
ties (p = .04). 


DISCUSSION 


Steroids or NSAIDs are commonly given to pa- 
tients after operation to prevent or reduce inflamma- 
tion and swelling after RFTA. These medications are 
usually used for short durations following treatment. 
However, the use of these medications has the po- 
tential to adversely alter tissue volume reduction, 
since inflammation mediates both the anabolic and 


TABLE 2. VALUES OF TOTAL ENERGY GIVEN, TIME 
OF TREATMENT, MAXIMUM ELECTRODE 
TEMPERATURE, AND AVERAGE IMPEDANCE 
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Data are mean + SD. All 3 groups had similar values in each cate- 
gory, and differences were not statistically significant. 
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Fig 2. Change in initial volume (in cubic centimeters) on 
days 1, 7, and 28. Squares — group 1; circles — group 
2; # — p < .0001; * — p < .05. 


catabolic phases of wound healing. Since the effect 
of steroids or NSAIDs on the edema and volumetric 
reduction following RFTA of muscle is poorly under- 
stood, it was the goal of this study to identify whether 
the use of these medications may impair volumetric 
reduction of muscle. In order to maximize the effects 
of these medications, we used both steroids and 
NSAIDs simultaneously. Dosage of medicine was 
continued for 5 days to exceed the duration of acute 
tissue swelling. !? Since we failed to observe a differ- 
ence in volumetric change with both medications, it 
is unlikely that individual use of steroids and NSAIDs 
for short durations will impair volumetric reduction. 


In group 1, which did not receive any anti-inflam- 
matory medications, significant edema was observed 
immediately following treatment. Extremity volume 
increased an average of 0.52 cm? on the first postop- 
erative day. However, the group that received anti- 
inflammatory medications demonstrated an imme- 
diate decrease in volume. Since the reduction in ex- 
tremity volume was immediate, this study indirectly 
suggests that the acute mechanism of volume reduc- 
tion is unlikely to represent anabolic processes such 
as wound contracture (which occurs later in the heal- 
ing process), and instead may represent destruction 
and removal of necrotic debris. Subsequent volumet- 
ric reduction may represent organization and contrac- 
tion of the wound during the anabolic phase of wound 
healing. One weakness of this study is that it was 
performed in rabbit extremities that only partially 
replicate the human tongue. However, in contrast to 
other models, the rabbit model provided the advan- 
tage of repeated accurate measures of changes in a 
skeletal muscle compartment. 


A novel finding in our study was the variability of 
volumetric reduction following RFTA. Thirty percent 
of all of the extremities that received RFTA had a 
volumetric reduction that was below 50% of the mean 
change in volume. This difference was correlated to 
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lowered impedance. A potential explanation for low- 
ered impedance may be the presence of an electrical 
conduit, which could redirect the current away from 
the muscle of interest. This electrical conduit should 
have a lower impedance than muscle, eg, blood ves- 
sels.5 Although this conduit will not uniformly change 
the impedance of the muscle, it can change the aver- 
age impedance the current travels through. There- 
fore, when a potential conduit is present, less energy 
will travel through the muscle, and a smaller ablative 
lesion will be created. However, since the difference 
in impedance between groups is small, it may not 
explain the difference in volume change. Other vari- 
ables could have contributed to the impaired volu- 
metric reduction. Variables that could alter the size 
of the ablative lesion and were controlled in the study 
were the maximum temperature of the tissue sur- 
rounding the electrode, the duration of RFTA, and 


the free length of the radio frequency electrode.’ Vari- 
ables that could alter the size of the ablative lesion 
and were not controlled in our study were the intrin- 
sic resistance of the tissue being ablated and the uni- 
form concentration of ionic particles surrounding the 
electrode.202! Identifying a cause for extremity dif- 
ferences in volume reduction remains speculative. 


CONCLUSION 


Prednisone and ibuprofen decrease the acute swell- 
ing after RFTA, but they do not affect the final volu- 
metric reduction at 1 month. Furthermore, variations 
in volumetric reduction are observed that are associ- 
ated with tissue impedance changes. Since consis- 
tent volume reduction is critical in clinical applica- 
tion of RFTA to obstructive sleep apnea syndrome, 
further evaluation of the techniques, tools, tempera- 
ture, and ionic environment of RFTA is needed. 
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Although suspension laryngoscopy (SL) is routinely used in operative laryngology, no prospectively gathered data on the com- 
plications of this procedure have so far been available. We prospectively analyzed 339 consecutive procedures for intervention- 
related complications. The survey included preoperative dental status and assessment of postoperative dental, mucosal, and nerve 
injuries. Minor mucosal lesions were found in 75% of all patients. All healed spontaneously within a few days. Dental injuries 
occurred in 6.5% of all patients. These were more frequent in therapeutic laryngoscopy than in diagnostic procedures (6.8% versus 
6.0%). Highly significant correlations were found between dental injury rate and preoperative dental disease (p < .04) and grade of 
periodontitis (p < .001). Temporary nerve lesions were observed in 13 patients (9 of the lingual nerve and 4 of the hypoglossal nerve). 
Although minor complications frequently occur during SL, it is a relatively safe procedure with a low risk of significant morbidity. 


KEY WORDS — dental injury, perioperative complications, suspension laryngoscopy. 


INTRODUCTION 


Although suspension laryngoscopy (SL) is rou- 
tinely used in diagnostic and operative laryngology, 
only limited data on the complications of this proce- 
dure have so far been available in the literature. Most 
studies assessed complications retrospectively with- 
Out preoperative examination. Reported rates of mi- 
nor complications such as dental injuries or minor 
bleeding range from 9.1%! to 31%? in patients who 
have undergone direct laryngoscopy alone or in con- 
junction with other endoscopic procedures. Major 
complications, defined as complications requiring 
hospitalization, were found in 19.5%.° Hill et al^ re- 
ported a 1.2% incidence of airway complications re- 
quiring reintubation following SL. Atkins et al! had 
a 0.496 rate of emergency tracheotomy after direct 
laryngoscopy. Other life-threatening complications, 
such as pneumothorax, cardiovascular complications, 
and major bleeding, have also been reported.>~/ 


Dental injuries following laryngotracheal intuba- 
tion for general anesthesia have been studied exten- 
sively, and a rate of 0.1% has been assessed.*? In 
contrast, there are no prospective data for dental in- 
juries under the conditions of SL. This lack is some- 
what surprising, as dental damage during that proce- 
dure is well known and dental protection is routinely 
recommended. 





Injuries of the lingual nerve and hypoglossal nerve 
have been described in case reports!9; however, gen- 
eral incidences have not been evaluated for SL. 


The aim of this study was to assess the rate of and 
associated risk factors of intervention-related compli- 
cations of SL in a prospective and well-defined se- 
ries. 

MATERIALS AND METHODS 


We prospectively included all patients more than 
18 years of age who were to undergo SL for any rea- 
son between August 18, 1997, and August 10, 1998, 
at the Department of Otorhinolaryngology—Head and 
Neck Surgery of the University of Cologne. The study 
population consisted of 339 consecutive patients. 
There were 252 men (74%) and 87 women (26%). 
The patients’ ages ranged from 29 to 86 years, with 
an average of 59 years. Interventions were performed 
for the diagnosis or treatment of malignant tumors 
in 48% and noncancerous lesions (including control 
endoscopies following previous transoral surgery for 
laryngeal carcinomas) in 52%. The different treat- 
ment conditions are shown in Table |. Suspension 
laryngoscopy was performed in 265 cases (78%) with 
the use of conventional cold instruments, mostly ina 
diagnostic approach, and in 74 cases (22%) in a laser 
surgery setting. All interventions were performed un- 
der general anesthesia. In 82% of cases, endotracheal 
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TABLE 1. TREATMENT CONDITIONS 


Patients 

No. % 

Interventions for malignancies 164 48 
Tumor of larynx 69 21 
Transglottic 12 4 
Supraglottic 23 7 
Glottic 32 9 
Subglottic 2 1 
Tumor of hypopharynx 33 10 
Other carcinoma of upper aerodigestive tract 62 18 
Interventions for benign lesions 175 52 
Keratosis of larynx 24 7 
Chronic laryngitis 12 4 
Vocal cord granuloma 5 ] 
Vocal cord polyp 15 4 
Vocal cord cyst 7 2 
Laryngeal papillomatosis 4 I 
Vocal cord palsy 16 5 
Vocal cord edema 9 3 
Epiglottitis 3 1 
Botox injection 4 1 
Laryngea] or subglottic stenosis 5 
Zenker’s diverticulum 2 1 
Normal larynx (control laryngoscopy) 47] 14 
Others 22 6 
Total 339 100 


intubation was used, and in 18%, jet ventilation was 
chosen. A standard dental guard made from silicone 
was used for dental protection in all patients. All pa- 
tients were examined before operation by one of the 
contributing head and neck surgeons (J.P. K., C.W., 
M.D., H.E.E.) and by a dentist (R.K.). The survey 
included preoperative dental examination in addition 
to complete clinical otorhinolaryngological exami- 
nation. Within 24 hours of surgery, all patients were 
reexamined for intervention-related complications. 
Only injuries not related to resection or biopsy were 
counted as postoperative dental, mucosal, and nerve 


injuries. Standardized forms for recording data were 
used. Patients with nerve injuries were followed up 
for 15 months. Factors associated with complication 
status were selected on cross-tabulations, which were 
analyzed by the use of a x? test or t-test with the 
SPSS Base System, version 9.0 (SPSS, Chicago, Il- 
linois). An initial significance level of œ < 0.05 was 
chosen. 


RESULTS 


Minor mucosal lesions were found in 75% of all 
patients after SL. In the 339 patients, a total of 518 
mucosal injuries were counted. The distribution and 
types of mucosal lesions are shown in Table 2. Fifty- 
five percent of all lesions were erosions of the mu- 
cosa; all of these lesions were minor and healed spon- 
taneously within a few days. However, there were 
also more severe injuries such as hematomas, which 
accounted for 2996 of all lesions. Thirteen of the 
counted hematomas were located in the tongue, as 
shown in the Figure, A. Patients with this kind of 
complication had complaints for séveral weeks. Less 
frequent were lesions such as bleeding (7%), fissures 
(396), and mucosal swelling (596), as shown in Table 
2. 


Most of the evaluated mucosal lesions were found 
in the oral cavity: 172 of 339 patients (51%) had a 
mucosal lesion at that site. Overall, in the oral cav- 
ity, 265 lesions were counted, which constituted 51% 
of all mucosal lesions (Table 2). Most mucosal inju- 
ries of the oral cavity were located at the right or 
medial maxilla and accounted for 31% of all muco- 
sal injuries. Injuries of the tongue (6%) were often 
hematomas (see Figure, À) or erosions. Some of those 
mucosal erosions, especially on the lateral part of 
the tongue, were painful and deep, as shown in the 
Figure, B. 


The oropharynx was found to be the second most 


TABLE 2. TYPES AND LOCATIONS OF ALL COUNTED MUCOSAL LESIONS (N = 518) 


Location Bleeding Fissure 
Lips 4 (0.8%) 1 (0.2%) 
Upper l 0 
Lower 3 1 
Oral cavity 31 (6%) 11 (296) 
Right maxilla 17 o 4 
Medial maxilla 14 6 
Right tongue 0 1 
All others 0 0 
Oropharynx 0 6 (1%) 
Right soft palate 0 I 
Left soft palate 0 1 
All others 0 4 
Hypopharynx 0 0 
Total 35 (7%) 18 (3920) 


Erosion Hematoma Swelling Total 
62 (12926) 10 (2%) 15 3%) 92 (18%) 
17 7 2 27 
45 3 13 65 
173 (33%) 44 (8%) 6 (1%) 265 (51%) 
60 4 0 85 
57 0 0 77 
12 13 4 30 
44 27 2 79 
45 (9%) 98 (19%) 7 (190) 156 30%) 
23 70 7 101 
5 18 0 24 
17 10 0 31 
5 (196) 0 0 5 (196) 
285 (55%) 152 (29%) 28 (5%) 518 (100%) 
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Typical complications after suspension laryngoscopy. A) Massive hematoma of tongue. B) Erosion of lateral part of tongue. 
C) Swelling of lower lip. D) Severe tooth loosening at front part of maxilla. 


common site for mucosal lesions. The incidence of 
oropharyngeal lesions was 32% (110 of 339 patients). 
The most frequent injuries at that site were hemato- 
mas, which constituted 98 of 156 oropharyngeal le- 
sions. They were predominantly located on the right 
side of the soft palate (101 of 165 oropharyngeal le- 
sions). 


Lip injuries were observed in 92 patients (27% of 
all patients and 18% of all counted mucosal lesions). 
In contrast to the oral cavity, in which most lesions 
were located at the upper jaw, most lip injuries were 
located on the lower lip (65 of 92 lesions, ie, 70.7%). 
Most of these injuries were superficial erosions. More 
severe swellings of the lower lip, as shown in the 
Figure, C, occurred in 3 patients. Mucosal injuries 
of the hypopharynx were rarely observed; only 5 of 
518 lesions (1%) were located at that site. 


To determine the influence of the operative set- 
ting, we compared mucosal injuries in diagnostic SL 
and therapeutic SL. For diagnostic SL and therapeu- 
tic SL, the rates of intervention-related mucosal le- 
sions were 77% (205 of 265) and 68% (50 of 74), 
respectively. However, this difference was not sig- 
nificant (p = .08). The risk of mucosal lesions was 
higher for those patients who underwent SL under 
endotracheal intubation (7696) than for those who 


underwent SL under jet ventilation (57%; p « .05). 


Preoperative assessment of the dental status of all 
339 patients revealed 65 patients (19%) as edentate 
and 9 (3%) as having no evidence of odontopathy. 
Of the remaining patients, 177 had periodontal dis- 
ease only, | had carious teeth only, and 87 had both. 
Of the 264 patients with periodontal disease, 896 had 
gingivitis, 40% had superficial periodontitis, and 53% 
had deep periodontitis. 


Overall, dental injuries were observed in 6.5% of 
all patients who underwent SL. In these 22 patients 
with intervention-related dental complications, 35 
teeth were injured and 39 lesions were observed. The 
types of dental injures and the preoperative dental 
status are shown in Table 3. The most frequently ob- 
served dental injuries were loosening of one or more 
teeth (43%). Most of the loosenings were severe, and 
the teeth could not be preserved. The Figure, D, shows 
a typical severe tooth loosening that occurred after 
SL, located in the upper front part of the mouth. Frac- 
tures of the teeth and roots often required subsequent 
dental treatment and were observed in 24% of all 
dental injuries. Avulsions were found in 13% of the 
lesions. Other dental injuries (24%) included dam- 
age of fixed dental prostheses and fractures of den- 
tal fillings. Most dental injuries were located in the 
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TABLE 3. TYPES OF DENTAL INJURIES AND PREOPERATIVE PERIODONTAL STATUS 


Healthy Gingivitis 
Dental Injuries (n = 38) No. %o No. Jo 
Avulsion 0 0 0 0 
Mild dental loosening 0 0 0 0 
Severe dental loosening 0 0 0 0 
Tooth or root fracture 0 0 1 3 
Others 0 0 2 5 
Total 0 0 3 8 


upper front part of the mouth (60%), and there was a 
trend for the right side to be affected (Table 4). Nine- 
ty-two percent of all evaluated dental injuries oc- 
curred in patients who had been found before opera- 
tion to have deep periodontal disease. The rate of 
dental injuries in this subgroup of patients was 13.3%. 
In contrast, no dental injury occurred in patients who 
had healthy teeth before SL. Significant correlations 
were therefore found between the dental injury rate 
and preoperative dental disease (p < .04) and grade 
of periodontitis (p < .001). Comparing the operative 
settings, we found dental complications to be more 
frequent in therapeutic laryngoscopy than in diagnos- 
tic procedures (6.8% versus 6.0%); however, the dif- 
ference was not significant (p = .91). The rate of den- 
tal injuries was higher in patients who underwent SL 
under endotracheal intubation (6.8%) than in those 
in whom jet ventilation was performed (3.6%); how- 
ever, the difference was not significant (p = .51). 


Temporary nerve lesions were observed in 13 pa- 
tients (3.8%). Nine patients had dysfunction of the 
lingual nerve, and 4 of the hypoglossal nerve. Pa- 
tients with lingual nerve injury complained of tongue 
numbness, mostly localized to the right anterolateral 
aspect of the tongue. The duration of the complaints 
ranged from 1 to 60 weeks, with a median of 4 weeks 
(SD, 19.1 weeks). In all cases of hypoglossal nerve 
dysfunction, the right side was affected. The dura- 
tion of the hypoglossal nerve dysfunction ranged 
from 6 to 16 weeks (median, 8 weeks). 


In our series, no subject had airway complications 
that required reintubation or tracheotomy. 


DISCUSSION 


Suspension laryngoscopy is routinely used in diag- 
nostic and operative laryngology. However, data on 
intervention-related complications are rare. The aim 


Superficial Deep 

Periodontitis Periodontitis Total 

No. % No. 06 No. % 
0 0 5 13 5 13 
1 3 2 5 3 8 
0 0 13 34 13 34 
0 0 8 21 | 9 24 
0 0 7 18 9 24 
1 3 35 92 38 100 


of this study was to address this issue and to assess 
all detectable complications related to SL in a pro- 
spective and well-defined series. 


We found no life-threatening complications and 


. no intervention-related deaths. Therefore, we con- 


clude that SL is a relatively safe procedure, and con- 
firm similar data published earlier.!! 


In contrast, we found mucosal lesions in 75% of 
our patients, which is a fairly high rate as compared 
to an earlier study. In view of the number of included 
subjects and especially because of the prospective 


study design and our careful postoperative examina- 


tion within 24 hours after endoscopy, we believe this 


estimate to reflect the true rate of mucosal lesions 


after SL. Because all of these lesions healed sponta- 
neously without further treatment, they constitute no 
severe sequelae of endoscopy. 


Furthermore, the knowledge of mechanisms that 
lead to mucosal injuries will help one to avoid them 
and may be helpful in learning the endoscopic tech- 
nique of SL. Most lip lesions were located on the 
lower lip (Table 2 and Figure, C). These lesions of- 
ten occur during insertion of the laryngoscope, if the 
lower lip is slipped over the lower teeth and becomes 
trapped between the teeth and the laryngoscope. In 
the same way, the tongue can be trapped between 
the frontal or lateral teeth and the laryngoscope and 
incur lesions such as that shown in the Figure, A. 
Such tongue hematomas lead to complaints that last 
for several weeks and should be avoided. Further- 
more, mucosal injury seems to be related to the du- 
ration of intervention, as the rate was decreased in 
procedures performed under jet ventilation, which 
normally have a shorter duration. Interestingly, most 
mucosal, dental, and nerve lesions were located on 
the right side of the patient, reflecting the right-hand- 
edness of most surgeons. 


TABLE 4. NUMBERS AND LOCATIONS (FDI WORLD DENTAL FEDERATION SCHEMA) OF INJURED TEETH 


No. of injured teeth iso 2 
Maxilla 18 17 16 15 14 13 
Mandible 48 47 46 45 44 43 


No. of injured teeth 4 1 


4 6, 6 I 1 

12 il 21 22 23 24 25 26 27] 28 

42 41 31 32 33 34 35 36 37 38 
2 4 I ] 1 
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For laryngotracheal intubations, dental injuries 
have been studied extensively, and most authors found 
rates of about 0. 1%.82-12 [n contrast, making an im- 
mediate postoperative assessment, Chen et al!? found 
a rate of 12% for minimal dental injuries after general 
anesthesia. However, for SL, no prospectively gath- 
ered data have been available so far. The dental in- 
jury rate has been retrospectively assessed to be 196.14 
In contrast, we found an overall dental injury rate of 
6.5%. Therefore, SL may have a significantly higher 
risk for dental complications than laryngotracheal in- 
tubation. However, this conclusion may be limited 
by differences in the study populations concerning 
dental status and age. 


In our series, subjects with deep periodontal dis- 
ease had a highly increased risk of dental injury dur- 
ing SL (p < .001; odds ratio, 9.86; 95% confidence 
interval, 2.86 to 34.01). Therefore, in these patients, 
if the teeth are in a condition to be preserved, special 
dental guards may be useful.!!.!5-! 7 Otherwise, if peri- 
odontitis is so severe that the teeth have to be re- 
moved, it may be better to remove them before opera- 
tion or during endoscopy with the patient's consent. 
On the other hand, it should be pointed out that in 
our study, dental injuries in subjects with healthy 
teeth were not observed. 


Dental protection during SL is routinely used for 
the upper jaw because of the assumption that most 
pressure is applied to the upper front teeth. Interest- 


ingly, we found 40% of all dental injuries to occur in 
the lower jaw, and surgeons may not be sufficiently 
aware of this specific risk. The rate of dental injury 
was increased in therapeutic interventions, such as 
endoscopic oncological procedures. In such interven- 
tions, the need for repeated readjustment of the endo- 
scope is likely to contribute to the elevated rate of 
complications. 


Nerve injuries after SL are known from several case 
reports. We first report here the incidence of this com- 
plication after SL. We found a 2.696 rate for lingual 
nerve injury with a median duration of 4 weeks and 
a 1.1% rate for hypoglossal nerve injury with a me- 
dian duration of 8 weeks. Although these were tem- 
porary lesions, we recommend that patients should 
be informed about these risks before operation. 


CONCLUSION 


Suspension laryngoscopy carries a higher risk for 
minor mucosal lesions, tooth injuries, and temporary 
lingual and hypoglossal nerve injuries than was pre- 
viously anticipated. In contrast, the rate of life-threat- 
ening complications was lower than that reported in 
the literature. 


We conclude that SL is a relatively safe procedure. 
The severity of the complications compares favor- 
ably to that of complications of open surgery and qual- 
ifies SL as a routine surgical approach to a wide va- 
riety of laryngeal disorders. 
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SOFT TISSUE RESPONSE OF THE RABBIT LARYNX TO GORE-TEX 
IMPLANTS 
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The use of Gore-Tex (expanded polytetrafluoroethylene) for medialization laryngoplasty has recently been described. Clini- 
cally, this laryngeal implant has performed well, but no animal studies evaluating the use of this implant in the larynx have been 
published. This study examines the gross and histologic response of the rabbit larynx to the Gore-Tex implant. Five rabbits under- 
went bilateral medialization with the Gore Thyroplasty Device. The vocal folds were left innervated and mobile. After 6 months, the 
rabbits were painlessly sacrificed and the implants were evaluated by gross inspection and histologic examination. No gross changes 
to the glottis occurred, and the implants were easily removed with gentle traction. A modest inflammatory response with a thin 
fibrous capsule was present around the implant. Foreign body giant cells were observed at the interface of the implant with the tissue. 
No migration or extrusion of the implant was observed. These results suggest that Gore-Tex is biocompatible in the rabbit larynx. 


KEY WORDS — ePTFE, expanded polytetrafluoroethylene, Gore-Tex, medialization laryngoplasty, vocal cord, vocal fold bow- 


ing, vocal fold paralysis. 
INTRODUCTION 


Medialization laryngoplasty is a common proce- 
dure used to restore glottic competence. This proce- 
dure was popularized by Isshiki and initially used in 
patients with unilateral vocal fold paralysis. In re- 
cent years, the indications for this procedure have 
expanded to include most forms of glottic incompe- 
tence, including the use of bilateral medialization in 
mobile vocal folds for vocal fold bowing and atro- 


phy. 


Although medialization is now widely accepted, 
the choice of implant material remains controversial. 
Injection of autologous tissue such as fat or fascia is 
well described and has the benefit of medializing the 
affected cord while provoking minimal tissue re- 
sponse.! Similarly, collagen injection is being used 
with success.?? Unfortunately, injectable biological 
implants are often temporary, and serial injections 
may be required. 


A myriad of relatively permanent synthetic mate- 
rials have also been used to restore glottic compe- 
tence. Injection of Teflon paste (polytetrafluoroethy- 
lene) is well described in the literature.*? Because 
of problems associated with this implant, its use has 
fallen into disfavor. Flint et al evaluated the soft tis- 
sue response of the rabbit larynx to this material, and 


problems with the medialization were evident. Teflon 
provoked a granulomatous response in many sub- 
jects and was prone to migration from the site of im- 
plantation, as well as extrusion into the airway. Also, 
removal of the material has proven problematic be- 
cause of the surrounding tissue response.’ 


Materials placed transcutaneously (as opposed to 
materials injected endoscopically) also have been 
evaluated in the literature.5? Simpson et al!? de- 
scribed the histologic response of the dog larynx to 
silicone elastomer (Dow Corning) implants in mo- 
bile vocal cords and found that the implant was well 
tolerated. Minimal chronic inflammation and a thin 
fibrous capsule were observed around the implant.!? 
Flint et al evaluated silicone elastomer and hydrox- 
ylapatite implants in paralyzed vocal cords in the rab- 
bit model cited above. Findings similar to those seen 
in the study by Simpson et al were observed for both 
implants. 


Recently, the use of the expanded polytetrafluoro- 
ethylene implant (ePTFE or Gore-Tex) for medializa- 
tion was reported.!! Gore-Tex has been used exten- 
sively in vascular and cardiac surgery with minimal 
complications, and its use in soft tissue augmenta- 
tion has increased in recent years. The majority of 
studies in the literature demonstrate that the implant 
is a relatively safe and relatively inert means to aug- 
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Fig 1. Low-power H & E stain of rabbit larynx demon- 
strates right thyroid cartilage window with Gore-Tex im- 
plant in place (broad arrow), as well as left thyroid carti- 
lage window with space remaining after removal of im- 
plant (thin arrow). 


ment soft tissue.'*-!+ Several reports, however, have 
described extrusion and granuloma formation. !5-!7 
Concerns regarding its safety have been advanced, 
particularly in light of its being similar in composi- 
tion to Teflon. Concern has also arisen over the use 
of this implant in dynamic areas (such as the larynx) 
in which movement of overlying tissue might pro- 
mote extrusion.?.!5 


Currently, no animal studies have evaluated the 
Gore Thyroplasty Device used in the standard method 
of insertion through a thyroid cartilage window. Tam- 
plenizza et al!’ described placement of tubular Gore- 
Tex implants through a trocar in the pig larynx. Their 
method of insertion and the structure of their implant 
are experimental and are not used in humans current- 
ly. Histologic findings on this method of insertion 
are not yet available. The goal of this study was to 
evaluate the gross and histologic responses of mobile 
vocal folds to the Gore Thyroplasty Device in a rab- 
bit model. The specific interests of this study included 
|) Does the implant produce grossly observable 
changes in the surrounding soft tissue? 2) Is the im- 
plant easily removable? 3) Does the implant extrude 
or migrate from its site of implantation? 4) Does the 
implant provoke histologically observable changes 
in the surrounding tissue? 5) Does surrounding tis- 
sue grow into the implant? 


MATERIALS AND METHODS 


Five New Zealand White rabbits underwent gen- 
eral anesthesia. The neck was shaved and the surgi- 
cal site prepared with iodine solution. Under sterile 
conditions, a horizontal incision was made over the 
thyroid cartilage. The strap muscles were divided in 
the midline and retracted laterally, exposing the thy- 


roid perichondrium. A 2-mm skin punch was used to 
create a window through the thyroid cartilage. The 
window was 3 mm lateral to the midline, and a 2- 
mm strut of cartilage was left inferiorly. Previous sur- 
gical dissection had demonstrated that this was the 
position of the midportion of the vocal fold. The in- 
ner perichondrium was preserved. A strip of Gore- 
Tex (Gore Thyroplasty Device, W. L. Gore and Asso- 
ciates) measuring 25 mm in length, 2 mm in width, 
and 0.6 mm in thickness was folded 5 times and in- 
serted into the subperichondrial space through the 
cartilage window and secured with a 6-0 Prolene su- 
ture to the inferior cartilaginous strut. Placement of 
the implant at the glottic level was confirmed by di- 
rect laryngoscopy. The implant was considered to be 
in place if the vocal fold was medialized without dis- 
ruption of the surrounding glottic tissue. The proce- 
dure was then repeated on the opposite side. The strap 
muscles were reapproximated in the midline with 3- 
0 Vicryl. The skin was closed with 3-0 Vicryl and 4- 
0 chromic sutures. The rabbits were given a 0.5-mL 
subcutaneous injection of Baytril (Bayer, Shawnee 
Mission, Kansas) each day for 5 days after opera- 
tion. 

At 6 months after implantation, the rabbits were 
painlesslv sacrificed with an intravenous injection 
of pentobarbital sodium (150 mg/kg). The larynges 
were harvested, and the vocal cords were visualized 
to ensure that no visible abnormalities were present 
in the airway. From each rabbit, 1 implant was se- 
lected for gross evaluation. The suture securing the 
implant to the cartilaginous strut was cut, and the 
implant was grasped with forceps and removed. Ease 
of removal was graded by dividing the specimens 
into 2 groups according to whether 1) the implant 
was removable with gentle traction or 2) dissection 
of the implant with instruments was required for re- 
moval. Any apparent damage to the surrounding tis- 
sue following removal was noted. Histologic evalu- 
ation of this specimen was performed to check for 
residual implant material. Additionally, the removed 
implant vas sent for microscopic evaluation. 


Each larynx was then sent (with the contralateral 
implant in place) for histologic evaluation (Fig 1). 
The position of the implant was described, and any 
migration of the implant was measured relative to 
the glottic level. The presence of tissue growth into 
the implant was measured on the basis of depth of 
penetration. Granuloma formation and other inflam- 
matory changes were noted, and if they were present, 
the maximum diameter of the inflammatory process 
was measured. The number and type of inflamma- 
tory cells were recorded. Any fibrotic changes in the 
surrounding tissue were also noted, and the extent 
of the fibrosis was measured. 
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Fig 2. Medium-power H & E stains. Asterisks mark edges of thyroid cartilage window. A) Implant with fibrous 
ingrowth between folds (arrow). B) Residual fibrous capsule (arrow) that remains after implant is removed. 


RESULTS 


All animals underwent successful medialization, 
and all animals lived to the completion of the study. 
At the time of harvest, no rabbit had any visible air- 
way abnormality. The area of maximal medialization 
was difficult to assess because of the small size of 
the implant, but no medialization of supraglottic or 
subglottic structures was observed in any animal. 


In the gross evaluation, 3 left-sided implants and 
2 right-sided implants were removed. All of the im- 
plants were easily identified by the retention suture, 
which remained in place, fastened to the cartilage 
strut. The implant was removable with gentle trac- 
tion in all cases, and no damage to surrounding tis- 
sue was apparent with the implant’s removal. No gross 
changes to the surrounding tissue were observed. 


The microscopic evaluation of the removed im- 
plants showed isolated foreign body giant cells and 


Fig 3. High-power H & E stains. Asterisks mark 
implant. Arrows demonstrate A) minimal (0.01 
mm) and B) maximal (0.1 mm) fibrous and in- 
flammatory responses to Gore-Tex implant. 


scant fibroblasts adherent to the ePTFE. No measur- 
able growth of tissue into the implant was observed. 


Microscopic analysis of each larynx (with ] im- 
plant in place and 1 implant previously removed dur- 
ing the gross evaluation) revealed a slight inflamma- 
tory reaction with foreign body giant cells present at 
the interface of the implant and the tissue. A thin fi- 
brous capsule measuring between 0.01 and 0.1 mm 
surrounded the implant. The fibrous capsule extended 
between the folds of the implant, but no unrolling of 
the implant occurred, and no infiltration into the im- 
plant itself was present. All implants were at the glot- 
tic level and were appropriately positioned. No his- 
tologic changes in the thyroarytenoid muscle or in 
the overlying epithelium of the vocal cord were ob- 
served. Scant residual implant material was seen in 
the capsule of some sites from which the implant 
had been removed (Figs 2 and 3). 
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DISCUSSION 


The type of implant used for permanent mediali- 
zation of the vocal fold remains a controversial sub- 
ject. The ideal permanent implant should be com- 
pletely inert in tissue and nonbiodegradable. The im- 
plant should be well anchored to decrease the risk of 
extrusion, and it should be compliant so as to mimic 
normal tissue. It must also be firm, to maintain its 
shape and medialize the cord appropriately. Finally, 
the implant should be easily moldable and readily 
positioned. Currently, no ideal implant has been iden- 
tified, but the strengths and weaknesses of available 
materials can be compared. 


Proponents of the Gore- Tex implant point out that 
it has several advantages over other materials used 
in medialization.! 20-7? The Gore-Tex implant is soft 
and easy to handle. As compared with use of silicone, 
the Gore-Tex medialization procedure is faster and 
less technically demanding, because the implant does 
not need to be carved. During the surgery, the im- 
plant can be shaped after insertion into the patient, 
whereas other implants require removal if the im- 
plant must be modified. Because this is a framework 
type of medialization (as opposed to an injection), 
this procedure is easily combined with other interven- 
tions designed to restore glottic competence, such as 
arytenoid adduction. Also, proponents claim that the 
implant is easy to remove, should the procedure need 
to be reversed.?9.2? 


Several reports in the literature describe this im- 
plant in clinical use for medialization laryngoplasty. 
McCulloch et al!1-2 evaluated 65 patients in 2 stud- 
ies. Two of the patients had postoperative dyspnea, 
and | of these required tracheostomy. Three patients 
required revision surgery for implant modification. 
In 2 of the patients, the implant was easily removed 
without complications at 2 and 6 months after im- 
plantation. In the third patient, no informat.on was 
given regarding the revision procedure. 


Zeitels?! reported more than 60 cases of Gore-Tex 
medialization with “minimal complications.” Gio- 
vanni et al?? reported on 11 patients. One of these 
required removal of the implant 5 months after place- 
ment because of exuberant granulation tissue sur- 
rounding the implant. The implant was remcved en- 
doscopically without difficulty. None of these stud- 
ies reported problems with extrusion or migration of 
the implant. 


Gore-Tex has been used extensively in cardiovas- 
cular surgery, with an excellent record of biocompati- 
bility. It has also been reported fairly extensively in 
the facial plastics literature as being used to augment 
soft tissue. The biocompatibility of the implant in fa- 
cial plastic surgery is excellent. Godin et al? re- 


viewed more than 900 cases and found an overall 
complication rate of 2.2%. The vast majority of these 
complications were infections. No reports of extru- 
sion of the implant have been published in any of 
the retrospective series in which the implant has been 
used to augment facial soft tissue.! 725-3? Two iso- 
lated case reports have appeared describing extrusion 
of Gore-Tex implants used to augment the nasal dor- 
sum.'?-5" When these 2 case reports are added to the 
body of the literature, the number of facial plastic 
implants reaches 1,125, with an extrusion rate of 
0.2%. 


The long-term behavior of Gore-Tex in the larynx 
is unknown, and the glottis presents several chal- 
lenges to the implant that are not seen in other areas 
in which the material has been studied: this implant 
lies just deep to the vocalis muscle and is subjected 
to the vibratory and dynamic motions of the glottis. 
The mere possibility of extrusion or a soft tissue re- 
action raises concern because of the risk of airway 
compromise and permanent vocal disability. 


In this evaluation of the Gore-Tex implant, we 
chose to use bilateral implants in mobile vocal cords. 
Performing bilateral implantation allowed us to eval- 
uate the ease of removal of an implant and to view 
an implant in situ in the same test animal. By allow- 
ing the vocal cords to remain mobile, we could evalu- 
ate the implant in a dynamic situation. We wanted to 
evaluate the long-term effects of this implant, and a 
period of 6 months was chosen. Granulomatous re- 
actions to some implant materials can evolve over 
several vears. However, there are 3 animal studies 
that suggest a mature response to the ePTFE implant 
within 6 months. !2.13.24 


Reports of extrusion of Gore-Tex implants are 
found in animal models. Using a porcine model, Maas 
et all? noted a tendency of the ePTFE implants to 
migrate and extrude through the skin. In their study, 
ePTFE placed subcutaneously extruded at a rate of 
4%. All of the extrusions occurred within the first 6 
months. They concluded that the limited fibrous 
growth into the surface of the material failed to pro- 
vide enough stability, particularly when the implants 
were in mobile tissue. Hollow cylinders of Gore-Tex, 
which allowed fibrous growth into the lumen, ap- 
peared more stable and were less likely to extrude. 
In his rabbit model, Neel!? noted that the limited fi- 
brous growth into the standard Gore-Tex implant 
seemed to leave it insecurely embedded in the tis- 
sue. The use of Gore-Tex with a larger pore size (al- 
lowing fibrous ingrowth) stabilized the implant with- 
out sacrificing easy removability. The implants were 
placed underneath the thin skin of the rabbit pinna, 
and despite concerns regarding stability, no extru- 
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sions of any of the Gore-Tex implants occurred. 


In our investigation, no extrusion of implants oc- 
curred. The implants were easy to remove, although 
a moderate amount of traction was required, suggest- 
ing attachment to the surrounding tissue. All implants 
remained at the glottic level with no evidence of mi- 
gration. The small size of the implant hindered more 
precise measurements. High-resolution computed to- 
mographic scanning could possibly provide insight 
into implant migration not detected by our methods. 


Histologic evaluation of the Gore-Tex implant has 
shown it as one of the most biologically inert im- 
plants available. No reports of granuloma formation 
from an implant in an animal model have appeared, 
but 6 cases of an exuberant soft tissue response that 
required implant removal were identified in the fa- 
cial plastics and otolaryngology literature.16.17.21.32 
The only case involving the larynx was mentioned 
previously; granulation tissue resulted in the removal 
of the laryngeal implant.?! The second case involved 
ePTFE thread used in lip augmentation and showed 
a foreign body reaction consistent with granuloma 
formation.!9 No histologic description is provided in 
the remainder of the cases. 


In our histologic examination, we found foreign 


body giant cells and a thin rim of fibrous tissue sur- 
rounding the implant. The fibrous capsule invagi- 
nated between the folds of the implant, but did not 
appear to grow into the implant itself. The fact that 
the implant remained in place through the section- 
ing process shows that the implant was secure in the 
soft tissue. These findings agree with the consensus 
of the literature in which the histology of the im- 
plant has been studied in animal models in nonlaryn- 
geal sites.!2-14 The soft tissue response to the Gore- 
Tex laryngeal implant 1s similar to the response seen 
with silicone elastomer medialization.6.!0 


CONCLUSION 


The results of this study suggest that the Gore- 
Tex implants are biocompatible in the rabbit larynx. 
These implants remain sufficiently secure in the soft 
tissue to prevent migration and extrusion, but are re- 
moved easily if the procedure needs to be reversed. 
The histologic findings in this animal model are simi- 
lar to those of other popular implants such as sili- 
cone elastomer as described in the canine model!? 
and hydroxylapatite as described in the rabbit model. 
The slight inflammatory response and the thin layer 
of fibrosis suggest that this implant is well tolerated 
immunologically. 
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ECONOMIC BENEFIT OF TONSILLECTOMY IN ADULTS WITH 
CHRONIC TONSILLITIS 


NEIL BHATTACHARYYA, MD LYNN J. KEPNES, RNP 


BOSTON, MASSACHUSETTS 


To determine the economic impact of adult chronic tonsillitis and the economic improvement from adult tonsillectomy, we 
studied patients who underwent adult tonsillectomy for chronic tonsillitis with the Glasgow Benefit Inventory and a questionnaire 
for disease severity parameters before and after tonsillectomy. The economic impact of chronic tonsillitis and adult tonsillectomy 
were computed with a break-even time analysis model. Eighty-three adult patients (average age, 27.3 years) completed the study 
with an average duration of follow-up of 37.7 months. The patients exhibited a mean improvement in quality of life of 427.54 + 4.63 
after tonsillectomy according to the Glasgow Benefit Inventory. In the 12 months following the procedure, tonsillectomy resulted in 
yearly mean decreases in number of weeks on antibiotics by 5.9 weeks, number of workdays missed because of tonsillitis by 8.7 
days, and physician visits for tonsillitis by 5.3 visits. In considering the medical costs of tonsillectomy only, the break-even point was 
found to be 12.7 years, whereas considering the overall economic impact of tonsillectomy resulted in a break-even point of 2.3 years 
after the procedure. We conclude that tonsillectomy results in significant improvement in quality of life, decreases health-care utili- 


zation, and diminishes the economic burden of chronic tonsillitis in the adult patient population. 


KEY WORDS — chronic tonsillitis, economic impact, tonsillectomy. 


INTRODUCTION 


Many surgical interventions in otolaryngology at- 
tempt to cure or relieve symptoms related to chronic 
or persistent infectious processes within the head and 
neck. Examples include endoscopic sinus surgery for 
chronic rhinosinusitis, tympanomastoidectomy for 
chronic otitis media, and tonsillectomy for chronic 
tonsillitis or pharyngitis. Although some of these con- 
ditions may be successfully managed with medical 
therapy, when the disease process becomes refrac- 
tory, surgery is then considered. Despite the fact that 
surgery is often considered only after exhausting all 
medical therapeutic options, so that selection bias 
brings to surgery only the more refractory cases, these 
surgical interventions have been found to be clini- 
cally effective in the management of these chronic 
infectious disorders. 


In the current era of cost containment and dimin- 
ishing health-care allocation, evidence of clinical ef- 
fectiveness is often not enough to justify specific ther- 
apeutic modalities. Therapies, especially interven- 
tional ones, must also be found to be cost-effective 
in the management of disease in order to be adopted 
by caregivers, institutions, and health-care plans. 
Often, interventional therapeutic modalities carry 
with them greater initial health-care expenditures, 
which make them appear less attractive from an eco- 
nomic standpoint. 


Although tonsillectomy has been shown to be ef- 


fective in the management of pediatric sleep-disor- 
dered breathing and chronic tonsillitis, less is known 
about the clinical effectiveness of tonsillectomy in 
the adult patient population for the indication of 
chronic tonsillitis. Mui et al? have shown that tonsil- 
lectomy significantly reduces the need for antibiotic 
therapy and physician visits for adult chronic tonsil- 
litis. The goal of the present study was to determine 
the economic impact of chronic tonsillitis in the adult 
population, and to determine the cost savings asso- 
ciated with tonsillectomy in this population. 


Break-even time analysis is a method of determin- 
ing when the introduction of a new product or ser- 
vice will generate enough revenue to recover the up- 
front expenses generated by the new product or ser- 
vice. In 1998, Gliklich and Metson^ introduced the 
concept of break-even time analysis to the otolaryn- 
gology literature by studying the economic impact 
of endoscopic sinus surgery on the management of 
chronic rhinosinusitis. In their important work, they 
proposed a method of break-even time analysis that 
can be readily applied to otolaryngological interven- 
tions. In terms of health-care intervention, break-even 
time analysis involves the determination of the point 
in time at which the up-front cost of the intervention 
(for example, a surgical procedure) is recovered by 
the decreased health-care cost (for example, decreased 
medication use or decreased physician visits) of man- 
aging the disease condition in the subsequent years 
after the intervention.? Given that illness often im- 
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parts a cost to society in terms of lost productivity in 
addition to health-care costs, a more global concept 
of break-even time analysis could include the over- 
all economic impact of an intervention and recovered 
costs after therapy.* Break-even time analysis was 
chosen in this study to model the economic impact 
and influence of tonsillectomy on chronic tonsillitis 
in the adult patient population. 


METHODS 


This study was approved by our institutional hu- 
man studies committee. For the time period 1994 to 
1999, 293 adult patients who underwent tonsillec- 
tomy for a diagnosis of chronic tonsillitis were iden- 
tified from a procedural database from a large aca- 
demic otolaryngology practice. All patients met Amer- 
ican Academy of Otolaryngology clinical practice 
guidelines for consideration for adult tonsillectomy. 
Patients with a follow-up of less than 1 year were 
excluded. Patients who underwent tonsillectomy for 
treatment of obstructive sleep apnea syndrome or for 
potential malignancy were also excluded, as were pa- 
tients who simultaneously underwent adenoidecto- 
my. 


This cohort was evaluated by chart review and mail 
survey. The components of the survey included pa- 
tient-reported data for disease severity parameters. 
These disease parameters included the number of 
weeks in the 12 months prior to tonsillectomy dur- 
ing which the patient was taking antibiotics specifi- 
cally for tonsillitis, the number of days of work missed 
because of sore throats in the 12 months prior to ton- 
sillectomy, and the number of physician visits spe- 
cifically for sore throats during the same 12 months 
prior to tonsillectomy. Analogous data were collected 
for the 12 months after tonsillectomy (excluding the 
immediate postoperative period). Each patient also 
completed the Glasgow Benefit Inventory (GBI), 
which was modified to measure the change in health 
status and quality of life due to the tonsillectomy in- 
tervention.’ The GBI scores were scaled in standard 
fashion to range from —100 to +100, with positive 
scores implying an improvement in quality of life 
due to. tonsillectomy. Statistical analysis was con- 
ducted with SPSS version 10.0 (SPSS Inc, Chicago, 
Illinois). Descriptive statistics were calculated for 
patient demographics and mean follow-up. Statisti- 
cal comparison between disease parameters before 
and after tonsillectomy was conducted with Student's 
paired t-test. 


Economic cost analysis was then conducted ac- 
cording to previously described methods, similar to 
the method adapted by Gliklich and Metson.* From 
the patient-reported data regarding number of phy- 


sician visits and number of weeks on antibiotics dur- 
ing the 12-month period prior to tonsillectomy, the 
medical cost of chronic tonsillitis was assessed. The 
economic cost of the physician visits was determined 
by multiplying the mean number of visits by the av- 
erage Medicare reimbursement for E/M (evaluation 
and management) visit codes 99212 and 99213. An- 
tibiotic cost was determined by multiplying the mean 
number of days on antibiotics by the average whole- 
sale prices for penicillin, amoxicillin, and erythromy- 
cin treatments per day based on 1999 data. The non— 
health-care economic impact of chronic tonsillitis was 
assessed by multiplying the mean number of work- 
days missed because of chronic tonsillitis exacerba- 
tions by the national gross doméstic product (GDP) 
per capita per day. All economic values were assigned 
with 1999 figures. Similar calculations for the costs 
due to physician visits, antibiotic therapy, and work- 
days missed were computed for the 12-month peri- 
od after tonsillectomy for each patient. 


These data were then entered into a computerized 
spreadsheet. The cost of an adult tonsillectomy was 
assessed with 1999 cost data. The medical costs for 
adult tonsillectomy were determined by summing the 
surgeon's reimbursement, anesthesiologist's reim- 
bursement, and hospital facility reimbursement for 
an uncomplicated outpatient tonsillectomy with the 
cost of 10 days' postoperative therapy with oxyco- 
done hydrochloride and standard oral antibiotic ther- 
apy. The reimbursements were determined by aver- 
aging the 1999 figures for 3 separate third-party pay- 
ers in our geographic area. The postoperative antibi- 
otic costs were determined from the average whole- 
sale price for amoxicillin in 1999. The overall eco- 
nomic cost of adult tonsillectomy was assessed by 
adding the economic cost of 5 days of work absence 
from tonsillectomy to the above medical costs of ton- 
sillectomy. The economic cost of 5 days of work ab- 
sence was determined from the GDP per capita per 
day based on 1999 economic figures. 


Break-even time analysis was then conducted by 
projecting the cost savings due to tonsillectomy over 
several years after tonsillectomy. Medical costs were 
adjusted for inflation with the medical subset of the 
consumer price index (CPI-M). The CPI-M was as- 
sumed to be steady at 1999 levels. The GDP cost was 
adjusted over subsequent years with the 1999 GDP 
growth rate, also assumed to be constant over subse- 
quent years. The break-even point at which the up- 
front cost of tonsillectomy was recovered by cost sav- 
ings from decreases in medication requirements, phy- 
sician visits, and workdays missed was computed. A 
medical cost break-even point was computed, corre- 
sponding to cost savings related to medication use 
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TABLE 1. QUALITY-OF-LIFE IMPACT OF ADULT 
TONSILLECTOMY AS MEASURED BY GLASGOW 


BENEFIT INVENTORY 
Score Mean 19596 CI p* 
Total score 427.54 4.63 «.001 
General subscore +35,74 5.33 <.001 
Social subscore +15.46 3.23 «.001 
Physical health subscore +6.83 4.83 .003 


CI -— confidence interval. 
*Student's t-test for population. 


and physician visits, and an overall break-even point 
was computed, including medical cost savings and 
cost savings due to decreased illness-related work 
absences. Sensitivity analysis was conducted in or- 
der to test the assumptions of the model and deter- 
mine factors that influenced the break-even point. 


RESULTS 


A total of 83 adult patients completed and returned 
their surveys (response raté, 30.3%). The mean pa- 
tient age was 27.3 years (SD, 8.5 years), and the av- 
erage follow-up duration after tonsillectomy was 37.7 
months. The mean scores on the GBI for the total 
score and the subscores are presented in Table 1. 
These data provide an overall estimate for the qual- 
ity-of-life impact of adult tonsillectomy in this popu- 
lation. Table 2 presents data for the mean number of 
weeks on antibiotics, mean number of physician vis- 
its, and mean number of workdays missed for the 12 
months before and after tonsillectomy. The decrease 
in each of these disease severity parameters was sta- 
tistically significant, as indicated in Table 2. 


Determination of Reference Cost Data. The mean 
cost of a physician visit for tonsillitis was determined 
to be $36.97. The mean cost of therapy with 10 days 
of antibiotics for tonsillitis was determined to be 
$7.93. The US GDP per capita per day was $129.89, 
according to 1999 government economic figures. 


Determination of Cost of Treatment. The mean cost 
of medical treatment for chronic tonsillitis in the 12 
months prior to tonsillectomy was $242.89 per pa- 
tient. The mean cost related to work absence due to 
chronic tonsillitis during the 12 months prior to ton- 
sillectomy was $1,128.88 per patient. The mean cost 
of medical treatment specifically for chronic tonsil- 
litis in the 12 months after tonsillectomy was reduced 
to $14.17, and the mean cost related to work absence 
was reduced to $81.78 per patient. This calculation 
results in a net cost savings of $228.72/y for medical 
costs, $1,047.10/y for work-related economic costs, 
and a total economic cost savings of $1,275.82/y af- 
ter tonsillectomy. 


The medical cost of adult tonsillectomy was deter- 


TABLE 2. IMPACT OF CHRONIC TONSILLITIS BEFORE 


AND AFTER TONSILLECTOMY 
12 Months 12 Months 
Before After Mean 


Disease Severity Tonsillectomy Tonsillectomy Ney 


Measure Mean SD Mean SD Change p* 

No. of weekson 6.5 6.4 0.6 0.9 -5.9 «001 
antibiotics 

No. of days of 9.2 11.8 0.6 20 -87 «001 
work missed 

No. of physician 5.7 5.3 0.3 0.8 -5.3 <001 


visits 
*Student's paired t-test. 


mined to be $2,444.91, including the surgeon's re- 
imbursement, anesthesiologist's reimbursement, hos- 
pital reimbursement, and postoperative medication. 
The lost-work economic impact for 5 business days 
after tonsillectomy was determined to be $649.43. 
This calculation results 1n a net total cost for tonsil- 
lectomy of $3,094.34. 


Description of Break-Even Time Analysis. Break- 
even time analysis was conducted on the basis of the 
above cost factors and inflation indices. The Fig- 
ure, À, graphically displays the basic break-even time 
analysis for adult tonsillectomy. The medical costs 
of adult tonsillectomy were recovered by net cost 
savings after tonsillectomy at 12.7 years after tonsil- 
lectomy (break-even point). The overall economic 
costs (medical costs and work-related costs) were re- 
covered at 2.3 years after tonsillectomy. 


Sensitivity Analysis. The economic model’s sensi- 
tivity to various cost factors and assumptions was as- 
sessed by varying these parameters and constructing 
new break-even models. The overall economic break- 
even point was found to be most sensitive to the dis- 
countrate. Increasing the discount rate to 7.5% moved 
the break-even point to 2.5 years from surgery (see 
Figure, B). The overall economic model was not sen- 
sitive to changes in the CPI-M or the reimbursement 
rate for physician visits. Increasing the CPI-M to 8% 
moved the medical cost break-even point up to 11.4 
years, but had little effect on the overall economic 
break-even point. The break-even point was found 
to be most sensitive to the number of workdays 
missed because of episodes of tonsillitis. 


DISCUSSION 


Tonsillectomy is one of the most commonly per- 
formed procedures in medicine.5 Traditionally, indi- 
cations for tonsillectomy have included chronic re- 
current tonsillitis and/or pharyngitis and upper air- 
way obstruction.? Less common indications for ton- 
sillectomy include chronic halitosis, cryptic debris, 
and the persistent streptococcal carrier state. Despite 
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the extirpative nature of tonsillectomy, patients are 
not necessarily cured of their recurrent tonsillitis and/ 
or pharyngitis episodes. Therefore, in reality, tonsil- 
Jectomy provides a quality-of-life improvement in 
terms of the frequency and severity of pharyngitis 
episodes, especially when performed for an indica- 
tion of chronic tonsillitis. 


Therefore, in order to fully assess the clinical bene- 
fit of tonsillectomy, quality-of-life improvement 
needs to be determined. In addition, to more thor- 
oughly determine the true benefit of tonsillectomy, 
economic factors should be considered. One such 
method of economic evaluation of a surgical proce- 
dure is "break-even" analysis. This method attempts 
to quantify the “up-front” cost of an intervention and 
then determine when the cost of that intervention is 
recovered by the subsequent decrease in medical and 
economic expenditures due to improvement of the 
disease state from the intervention. Break-even time 
analysis is not a new concept to medicine, and has 
been used to estimate the fiscal impact and economic 
improvement from various procedures, including sur- 
gical treatment for gastroesophageal reflux disease, 
endoscopic sinus surgery, implantable cardiac defib- 
rillators, endoscopic colorectal cancer screening, and 
renal transplantation.>-10-!2 For example, Gliklich and 
Metson‘ found that endoscopic sinus surgery resulted 
in a medical break-even point of 15 years-and an 
overall economic break-even point (including sav- 
ings from work-related disability) of approximately 
7 years. Often, more serious medical conditions re- 
sult in-shorter break-even periods. Renal transplan- 
tation has been found to reach a break-even point as 
early as 1.7 years after transplantation when the costs 
of continued dialysis are avoided.!? Implantable car- 
diac defibrillators used as a life-saving measure reach 
a break-even point in approximately 1 to 3 years af- 


ter implantation.? 


This study was specifically undertaken to deter- 
mine the economic impact of chronic tonsillitis in 
the adult patient population and the medical and eco- 
nomic improvements resulting from adult tonsillec- 
tomy. Such information is potential useful in coun- 
seling patients and justifying tonsillectomy in the face 
of an ever-shrinking health-care dollar. Gathering 
data regarding tonsillectomy outcomes in the adult 
population is not without difficulty. We were some- 
what disappointed in the relatively poor response rate. 
This was not surprising, given that the majority of 
our patients undergoing adult tonsillectomy are in 
their third decade, often in secondary school or col- 
lege, and are therefore highly likely to relocate within 
a few years after tonsillectomy. We attempted to lo- 
cate all patients after returned, undelivered first mail- 
ings by searching billing and hospital record data- 
bases and sending a second mailing. Therefore, the 
response rate reflects results after 2 mailings in an 
attempt to gather follow-up data. 


Although we were not surprised by the relatively 
high number of weeks on antibiotics in the 12 months 
prior to tonsillectomy; we were surprised that patients 
missed approximately 9 days of work because of ton- 
sillitis exacerbations. This work-related disability re- 
sults in a significant economic cost: well over $1,000/ 
y. This economic cost easily overshadows the aver- 
age expenditure on antibiotics and physician visits 
due to chronic tonsillitis prior to tonsillectomy. How- 
ever, the combined antibiotic and physician visit costs 
together account for a significant health-care expen- 
diture, approximating $250/y. It is possible that the 
antibiotic costs would be greater if longer courses of 
antibiotics were attempted or more expensive antibi- 
otics, such as second-generation cephalosporins, mač- 
rolides, or fluoroquinolones, were used. We elected 
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to use the most inexpensive first-line antibiotic agents 
in our model so as to produce a conservative esti- 
mate of the break-even point. 


It is clear that adult tonsillectomy results in a sig- 
nificant decrease in. number of weeks on antibiotics, 
number of physician visits for chronic tonsillitis, and 
number of workdays missed because of chronic ton- 
sillitis. Each of these reductions results in a corre- 
sponding cost savings either to the medical manage- 
ment of chronic tonsillitis or to the economy as a 
whole. In addition, such reductions in health-care uti- 
lization have other, intangible benefits. For example, 
decreases in the number of weeks on antibiotics may 
presumably result in decreased antibiotic resistance 
rates in the future, which would add additional cost 
savings. A decrease in the number of physician vis- 
its for chronic tonsillitis allows other patients to use 
those clinic slots, resulting in potentially improved 
efficiency of health-care utilization. Given that many 
patients with chronic tonsillitis may be treated by 
telephone rather than by office visit, decreased use 
of antibiotics also probably reflects an intangible 
medical cost savings with respect to physician tele- 
phone time. 


We believe that the relatively short break-even 
point of approximately 2.3 years for the recovery of 
tonsillectomy costs by savings in medication expen- 
ditures, physician expenditures, and the cost of work- 
related absence reflects very favorably on the cost- 
effectiveness of adult tonsillectomy for chronic ton- 
sillitis. Our economic valuation for the cost of tonsil- 
lectomy is very similar to that determined by a study 
of a large insurance database that found that the av- 
erage medical cost for tonsillectomy approximated 
$2,900 in the early 1990s.!? Despite these costs, given 
the significant positive impact that tonsillectomy has 
in reducing work-related absences, the impact on the 
patient’s work environment and job status should be 
considered in evaluating patients for adult tonsillec- 
tomy. In addition to the frequency of tonsillitis epi- 
sodes, the number of days of work missed, the num- 
ber of physician visits, and the number of weeks of 
antibiotics required should be considered in the de- 
cision for tonsillectomy. In a study by Roos et al,!4 
the average cost of a single tonsillitis episode, includ- 
ing medical cost of evaluation and treatment and lost 
work productivity, was $380. They, too, found that 
the work-related costs of the tonsillitis episode were 
more substantial than the cost of medical treatment. 
Given that the break-even time analysis was most 
sensitive to the number of workdays missed because 
of tonsillitis, work absences should be included when 
evaluating the economic benefit derived from adult 
tonsillectomy. 


Several elements of the data analysis and data se- 
lection for this study merit comment. First, this study 
methodology utilizes medical care data for the two 
12-month periods before and after tonsillectomy, and 
extrapolates that out to several years after tonsillec- 
tomy in order to calculate the break-even time analy- 
sis. It is possible that medical care utilization rates 
could fluctuate as time extends from the initial diag- 
nosis. However, given that chronic tonsillitis is a 
chronic, persistent condition, one would expect such 
fluctuation to be somewhat limited. Use of a 12- 
month time period for cost-of-disease assessment has 
a precedent in the literature.^ Also, there may be hid- 
den medical costs that were not included in the cost 
assessment, such as throat cultures or oral pain medi- 
cation for acute exacerbations of tonsillitis. Such un- 
accounted-for costs in the medical management of 
chronic tonsillitis would tend to make the break-even 
point for the medical costs segment arrive sooner. 
Similarly, we chose not to include the potential costs 
of the management of post-tonsillectomy bleeding, 
because in many instances, this complication does 
not require hospitalization or a follow-up procedure. 
In addition, such management, especially in the out- 
patient setting, would likely be included in the glob- 
al fee for tonsillectomy. Finally, we chose to include 
only first-line antibiotics in the cost analysis for ton- 
sillitis. These antibiotics were selected because they 
are the recommended first-line agents for acute ton- 
sillitis and pharyngitis. We did find that the economic 
model was moderately sensitive to the price of an- 
tibiotics when the price of daily therapy exceeded 
$4.00, as could be expected with second-generation 
cephalosporins or fluoroquinolones. Although it is 
possible to construct more detailed and intricate eco- 
nomic models for chronic tonsillitis and tonsillec- 
tomy, we believe that the present model includes the 
most salient medical practice parameters in the de- 
cision-making process for tonsillectomy, and there- 
fore provides accurate insight into the economic im- 
pact of chronic tonsillitis and tonsillectomy. 


CONCLUSIONS 


Chronic tonsillitis in the adult population carries 
with it significant medical and overall economic ex- 
penditures. Tonsillectomy can be reasonably expected 
to result in substantial decreases in health-care utili- 
zation and work-related absences. These health-care 
and economic improvements after tonsillectomy cre- 
ate cost savings that result in acceptable break-even 
points when tonsillectomy is considered as an “in- 
vestment" toward anticipated improvements in health 
status. Such improvements should be considered in 
the clinical decision-making process for tonsillec- 
tomy. 
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SUDDEN SENSORINEURAL HEARING LOSS: SUPPORTING THE 
IMMUNOLOGIC THEORY 
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Sudden deafness constitutes a diagnostic challenge. Classically, 2 causes, viral and vascular, are considered in the origin of 
idiopathic sudden hearing loss. More recently added to the list of possibilities are rupture of the membranous labyrinth and immune- 
mediated sensorineural hearing loss. The latter can be either primary and localized to the inner ear or, in perhaps fewer than one third 
of cases, secondary to generalized systemic autoimmune disease. The purpose of the present review is to define immune-mediated 
sudden sensorineural hearing loss as a distinctive entity, on the basis of clinical, immunologic, and pathological findings, and suggest 


a profile of the typical patient. 


KEY WORDS — immunopathology, inner ear disorders, sudden deafness. 


Sudden deafness may be defined as a sensorineural 
hearing loss (SNHL) of 30 dB or more over at least 
3 contiguous audiometric frequencies that develops 
over a period of a few hours to 3 days.! Its cause can 
be found in only 10% to 15% of patients.? Sudden 
hearing loss should be considered a medical emer- 
gency, because of hearing's importance to communi- 
cation. The estimated yearly incidence of sudden 
hearing loss is 5 to 20 cases per 100,000 persons.? 
By definition, idiopathic.sudden hearing loss is a di- 
agnosis of exclusion only:after a MOTOREN search for 
known causes (Table 1). 


The prognosis is highly variable, depending on the 
severity and pattern of initial loss, the-interval be- 
tween onset and presentation; and the presence of 
vertigo. Haberkamp and Tanyeri* wrote that no con- 
sensus exists on treatment. 


Immune-mediated inner ear disease has been added 
to the classic triad of viral infection, vascular disor- 
ders, and rupture of the membranous labyrinth as 
causes of sudden deafness. It was first reported as a 
clinical entity in 1979 by McCabe, on the basis of a 
clinical profile and response to steroids and cyclo- 
phosphamide. Randomized, double-blind, placebo- 
controlled, clinical trials have reported a 7896 recov- 
ery rate with steroids for patients with moderate hear- 
ing loss (35 to 90 dB), versus 38% for placebo,! sug- 
gesting the role of the immune system in sudden hear- 
ing loss. À relationship among vascular disorders, 
viral infection, and immune-mediated causes of sud- 
den hearing loss has been demonstrated in animal 
models of experimental labyrinthitis, in which a viral 
infection led to abnormalities of cochlear flow and a 


strong immunologic response within the inner ear 
with the production of a fibro-osseous matrix that 
was responsible for irreversible cochlear injury.® 
Such alterations are similar to those described in di- 
verse systemic autoimmune diseases, in many of 


. which a viral infection can induce the autoimmune 
` response.” However, several differences can be estab- 


lished between sudden hearing loss (unilateral pre- 
sentation in less than 72 hours) and autoimmune inner 
ear disease (AIED; bilateral progressive presentation 
in days to 3 months)? A positive response to immu- 
nosuppressive therapy supports an immune-mediated 
origin. 


The existence of a local immune response within 
the inner ear, which may originate in and be enhanced 
in the endolymphatic sac (ELS), with recruitment of 
immunocompetent cells from the bloodstream, has 
been experimentally demonstrated.9-24 Sudden hear- 
ing loss can be the first manifestation of systemic 
autoimmune diseases such as Cogan's syndrome,? 
temporal arteritis,2° Wegener's granulomatosis,’ 
polyarteritis nodosa (PAN)? systemic lupus erythe- 
matosus (SLE),2? and others (Table 2). However, evi- 
dence of the relationship requires fulfillment of the 
Witebsky:postulates, that is, a modification of Koch 
postulates designed for immunologic phenomena: as- 
sociation of autoimmunity with the clinical state; 
identification of the autoimmune response; transfer- 
ability of the response, using lymphoid cells or serum 
transfer, to an animal model; and re-creation of the 
disease and clinical state in that model by such a 
transfer. Unfortunately, these criteria cannot be ap- 
plied to sudden hearing loss and rapidly progressive 
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TABLE 1. KNOWN CAUSES OF SUDDEN SENSORINEURAL HEARING LOSS 


Cochlear causes 


Infectious causes: viral agents (mumps, rubeola, measles, cytomegalovirus, herpesvirus: simplex, a Epstein-Barr), 
syphilis, Mycoplasma pneumoniae, Lyme disease, toxoplasmosis 


Traumatic causes: temporal bone fracture, inner ear decompression sickness, inner ear concussion, otologic surgery, perilymph 
fistula, lumbar puncture 


Circulatory causes: Buerger’s disease, slow blood flow of vertebrobasilar system, sickle: cell.disease, cardiopulmonary bypass, 
mitochondriopathy, red blood cell deformability, leukemia, myeloma 


Systemic autoimmune diseases: polyarteritis nodosa, Cogan's syndrome, systemic lupus avena rheumatoid arthritis, 
Wegener’s granulomatosis, relapsing polychondritis, temporal arteritis, dermatomyositis and polymyositis, scleroderma 


Endolymphatic hydrops, including Meniere’s disease 
Metabolic causes: renal failure; diabetes mellitus, hypothyroidism 
Ototoxicity: aminoglycoside antibiotics, loop diuretics, salicylates, nonsteroidal anti-inflammatory drugs, vancomycin, erythromycin, 


azithromycin, oral contraceptives, interferon, quinine and derivatives, cisplatin 


Retrocochlear and central nervous system causes 
Meningitis 
Sarcoidosis 
Multiple sclerosis 
Amyotrophic lateral sclerosis 
Friedreich's ataxia — - 
Guillain-Barré syndrome 
Vo gt-Koyanagi-Harada syndrome 
Xeroderma pigmentosum 


Tumors: acoustic neuroma, carcinomatous neuropathy, metastases in cerebellopontine angle 
Central deafness: ee S d cortical encephalitis, Alzheimer's disease 


SNHL.?° Nuinefous attempts have been made to de- 
velop assays:to. detect: :seruim markers that might help 
to confirm the diagnosis and identify patients affected 
k this condition (Table 3). 


PATHOPHYSIOLOGY 


A significantly increased incidence of major histo- . 
compatibility complex (MHC) class II genes, elevated - 


levels of circulating immune complexes, specific and 
nonspecific inner ear autoantibodies, and abnormal 
T lymphocyte subpopulations in patients affected by 
sudden hearing loss all suggest an immune-mediated 
causation and support the role of sudden deafness as 
a clinical presentation of AIED. 


Major Histocompatibility Complex. 'The associa- 
tion of human leukocyte antigen (HLA) with particu- 
lar diseases is one of the most intriguing aspects of 
the MHC, which is located on the short arm of chro- 
mosome 6 in humans. Although the MHC was orig- 
inally identified by its role in transplant rejection, it 
is now recognized that proteins encoded by this re- 
gion are involved in immunologic recognition and 
interaction between lymphocytes, as well as between 
lymphoid cells and antigen-presenting cells (APCs). 


The MHC is divided into 3 regions: the class I 
region encodes for molecules found on nucleated cells 
and includes the A, B, and C gene loci; the DR, DP, 
and DQ genes encode the alpha and beta chains of 
the class II proteins, expressed on macrophages, Lan- 
gerhans cells of the skin, B cells, and activated T 


cells; the class III genes encode for some proteins of 
the complement pathway and proteins involved in 
inflammation and immune regulation such as heat 
shock protein 70 (HSP-70) and tumor necrosis factor 
alpha (TNF-o).! 


The MHC class I molecules, which present pep- 


tidesto CD8 T cells, bind peptides from proteins de- 


graded in the cytosol. The MHC class II molecules, 
which present peptides to CD4 cells, bind peptides 
from proteins degraded in acidified intracellular vesi- 
cles. These two MHC molecules deliver peptides 
from cellular compartments to the cell surface, where 
they are recognized by T cells that mediate effector 
functions. Polymorphism is the most important char- 
acteristic of HLA molecules, and the peptide motifs 
presented by HLA are dependent upon individual al- 
leles. Some autoimmune diseases (SLE, myasthenia 
gravis, and Graves' disease) may be influenced by 
inherited alleles, which may play a key role in auto- 
antigen presentation. 


Polymerase chain reaction has established: a corre- 
lation between HLA genotypes and'inner ear diseases 
such as idiopathic SNHL and Meniere's disease. The 
presence of HLA-DRB1 14in patients with sudden 
SNHL has been reported, suggesting that HLA- 
DRB1 04 may be a useful marker ui predicting a 
poor prognosis.?? 


‘Immunopathology. Aiiough the inner ear was ini- 
tially considered an immunologically privileged or- 
gan, it is now recognized that it is capable of strong 
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TABLE 2. AUTOIMMUNE DISORDERS ASSOCIATED 
__WITH SUDDEN SENSORINEURAL HEARING LOSS _ 
Connective tissue diseases 

Systemic lupus erythematosus 

Rheumatoid arthritis 

Polyarteritis nodosa 

Takayasu’s disease 

Wegener’s granulomatosis 

Polymyositis and dermatomyositis 

Progressive systemic sclerosis 

Mixed connective tissue disease 

Sjógren's syndrome 

Cogan’s syndrome 

Behcet’s disease 

Relapsing polychondritis 
Endocrine disorders 

Hashimoto’s disease and Graves’ disease 
Hematologic diseases: 

Acquired immune hemolytic disorders 

Autoimmune thrombocytopenic purpura 
Other diseases 

Glomerulonephritis 

Myasthenia gravis 

Demyelinating diseases 

Uveitis 

Ulcerative colitis 

Sarcoidosis 

Immunodeficiency diseases 

Allergy 


Modified from Veldman JE. Immune-mediated inner ear disorders: 
new syndromes and their etiopathogenesis. In: Veldman JE, McCabe 
BF, eds. Oto-immunology. Amsterdam, the Netherlands: Kugler, 
1987:125-41. 


immune responses. These responses may be mediated 
by immunocompetent cells recruited from the ELS 
or the systemic circulation. Inflammatory injury may 
be directed against inner ear antigens by nonspecific 
bystandér mechanisms or by the ischemic effects of 
vasculitis. | 


The antigens that reach the cochlea rapidly gain 
access to the immune system. When an antigen is 
situated in the inner ear of animals that have previ- 
ously been sensitized by a systemic route, an immune 
response consisting of cellular infiltration, inflamma- 
tion, and a cochlear lesion 1s produced, and there is 
an increase in the titer of perilymphatic antibodies 
and local antibody production. The accumulation of 
leukocytes and the local production of immunoglobu- 
lins in the inner ear depends on the entrance of leu- 
kocytes from the bloodstream, facilitated by the re- 
lease of mediators of the immune response such as 
interleukin-2, which may originate in the ELS. This 
response activates the endothelial cells of the spiral 
modiolar vein, which assume features of high endo- 
thelial venules, potentiating the expression of inter- 
cellular adhesion molecule 1, which recruits leuko- 


TABLE 3. IMMUNOLOGIC AND MICROBIOLOGICAL 
WORKUP FOR PATIENTS WITH IMMUNE-MEDIATED 
INNER EAR DISEASE 
Immunologic battery 


Erythrocyte sedimentation rate, serum immunoglobulins IgG, 
IgA, IgM, complement factors C3, C4 


Autoantibodies: antinuclear antibodies, extractable nuclear 
antigen 


Rheumatoid factor 

Immunophenotype of peripheral blood lymphocytes 

Western blot for heat shock protein-70 
Microbiological study* 


Syphilis: VDRL test, Iinorescent treponemal antibody absorp- 
tion test 


Mycoplasma pneumoniae 
Epstein-Barr virus 
Herpes simplex virus 
Varicella-zoster virus 
Cytomegalovirus 
Influenza: A, B 
Parainfluenza: 1, 2, 3 
Adenovirus 

Mumps 


*Microbiological study is performed mod in patients previously 
affected by upper respiratory tract infection («3 weeks). 


cytes from the bloodstream. There is a concomitant 
formation of a dense extracellular matrix with consid- 
erable fibrosis that, since it cannot be reabsorbed, 
triggers ossification. The immune response can pro- 
voke the degeneration of the organ of Corti, stria vas- 
cularis, and spiral ganglion.2? 


Hearing loss can be the first manifestation of sys- 
temic autoimmune diseases such as Cogan's syn- 
drome, PAN, and SLE. Although the vascular damage 
frequently observed in SLE and other vasculitides is 
probably mediated by immune coinplexes, autóanti- 
bodies against endothelial cells may damage endo- 
thelial cells via a complement-mediated or antibody- 
dependent cellular cytotoxic mechanism, or by upreg- 
ulation of adhesion molecules and proinflammatory 
cytokines.?^ The breakdown of tight junctions be- 
tween stria vascularis endothelial cells, and conse- 
quently of the blood-labyrinth barrier, may be one 
of the etiologic mechanisms of SNHL in autoimmune 
disease. 


Viral Infection. Oldstone? has identified 3 lines of 
evidence suggesting a possible relationship between 
viruses and autoimmune disease: first, autoimrnune 
responses are induced or enhanced by infection with 


~~ 


a wide array of human DNA and RNA viruses;:sec- . 


ond, in animal models acute and persistent viral infec- 


tions induce, accelerate, or enhance autoimmune re- .. 


sponses and initiate autoimmune diseases; and third, : 


viruses can potentiate autoimmune responses as a re- , 
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sult of similar antigenic determinants between viruses 
and host components. After viral infection, the shared 
epitopes produce cross-reacting immune responses 
that can initiate autoimmune disease. An effector im- 
mune response, humoral (B cell) and/or cytotoxic 
(T cell), is directed against a virus and may cross- 
react with self protein or autoantigen, evoking an au- 
toimmune response. As a result of molecular mimicry 
between viruses and inner ear tissues, humoral and/ 
or cellular immune responses could cause auditory 
and/or vestibular disorders. 


Alterations iñ T cell subpopulations have been re- 
ported in patients with sudden deafness of possible 
infectious cause (respiratory viruses and Mycoplasma 
pneumoniae), showing an increase in T memory cells 
(CD4CD45RO) and a decrease in naive T cells 
(CD4CD45RA) suggesting that the infectious agent 
facilitates an antigenic stimulus strong enough to 
transform the naive cells into memory cells or that 
there is a change in the cytotoxic effect of the naive 
cells, which would also be conducive to a permanent 
state of infection.?? The activation of the virus after 
latency and/or the onset of a second viral infection 
caused by the same agent after a state of chronic sub- 
clinical infections could recruit a large number of 
memory T cells, resulting in an immune response so 
intense that it would produce a marked cytopathic 
effect in the inner ear, leading to a structural change 
that could provoke irreversible lesions in some cases. 


Temporal Bone Histopathology. Histopathologic 
studies of temporal bones from patients with systemic 
autoimmune diseases affected by sudden deafness 
showed cochlear fibrosis and ossification in the inner 
ear, suggesting the vascular insult theory.2927 Atrophy 
of the organ of Corti and stria vascularis is also ob- 
served in cochleas from patients with SLE and PAN. 
Two of 4 cases of PAN showed occluded labyrinthine 
arteries with all layers of the arterial wall thickened 
and complete degeneration of the internal elastic 
membrane; however, the vessel walls contained no 
acute or chronic inflammatory cells.38 Thickened 
blood vessels adjacent to the ELS were reported in 
Wegener's granulomatosis.?? Severe fibrosis of the 
entire inner ear, marked inflammatory cell infiltrate, 
and mild vasculitis of the middle ear were reported 
in a young patient with SLE.36 


Endolymphatic hydrops, proliferation of fibrous 
tissue and bone filling the perilymphatic spaces, se- 
vere atrophy of the organ of Corti and stria vascularis, 
and retrograde neuronal degeneration characterize im- 
mune-mediated inner ear disease.*° These changes 
are consistent with an inflammatory and possibly is- 
chemic attack on the membranous labyrinth. 


Autoantibodies. The existence of autoantibodies 


against inner ear antigens implies an autoimmune 
pathogenesis of sudden hearing loss. However, mi- 
crothrombosis of the inner ear may result from path- 
ogenic anticardiolipin antibody activity, thereby play- 
ing a role. Anticoagulant therapy is included in the 
majority of treatment protocols for sudden deaf- 
ness.*! The presence of antiendothelial antibodies in 
patients with sudden hearing loss supports immune- 
mediated vascular damage in which antiendothelial 
antibodies may have a pathogenetic role and may 
represent a serologic marker of vasculitis.?4 Studies 
on antinuclear autoantibodies (ANAs), rheumatoid 
factor, antimitochondrial autoantibodies, antibodies 
against smooth muscle, antisarcolemmal antibodies, 
antilaminin antibodies, and antibodies against type 
II collagen*4-4 yielded controversial results. On the 
basis of these serologic findings, we only include 
ANAs in our immunologic workup; high ANA titers 
have been frequent in this group of patients.^^ The 
presence of ANAs does not rule out systemic auto- 
immune diseases, in which cochleovestibular dys- 
function could be the first manifestation of disorders 
such as SLE”? and Sjógren's syndrome.^? 


Complement activation study might identify pa- 
tients with immune-mediated sudden deafness. The 
complement system consists of approximately 30 
proteins that act synergistically to induce an inflam- 
matory reaction; it also represents an important bar- 
rier against infections. Because of its inflammatory 
effect, it also can contribute to tissue destruction in a 
variety of autoimmune and inflammatory diseases 
not necessarily caused by infective agents. Comple- 
ment can be activated through either classic or alter- 
native pathways; either way, factor C3, the central 
component in the first part of the cascade, is activated. 
Elevated levels of the activation product of C3, C3bc, 
have been detected in patients with sudden deaf- 
ness, indicating an immune cause and thus identify- 
ing patients who would benefit from anti-inflamma- 
tory drugs. We have not observed these findings, and 
our serologic determinations were performed in the 
first 24 hours after the hearing loss. Perhaps the acti- 
vation of the complement system expresses a sys- 
temic inflammatory reaction in which inner ear dys- 
function is the only clinical manifestation. This theory 
could support the lack of symptoms of a systemic 
reaction. These results do not support the presence 
of active infection as suggested by Pitkaranta and 
Julkunen.^' They studied the presence of Mxa protein 
in patients' leukocytes, but were unable to demon- 
strate an association between systemic viral infection 
and onset of sudden hearing loss. This local reaction 


can stimulate host immune responses, leading to path- 


ological changes via immunopathologic reactions or 
by triggering an autoimmune reaction. 
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Measurements of total hemolytic component 
(CH50), component factors C3, C4, and Clq, immu- 
noglobulins IgG, IgA, and IgM, C-reactive protein, 
and erythrocyte sedimentation rate would support the 
diagnosis of immune-mediated sudden hearing loss, 
particularly in cases associated with systemic auto- 
immune disease.49.4? 


Western Blot Immunoassay. Attempts at finding a 
specific diagnostic marker for AIED were initially 
promising. An anti-68 kd autoantibody in the sera of 
patients with rapidly progressive SNHL was demon- 
strated by Western blot analysis.?? Evidence that links 
the 68 kd antigen with highly inducible heat shock 
protein 70 (HSP-70) was reported.?! Heat shock pro- 
teins, which are believed to protect cells by dissolving 
and refolding misfolded or denatured protein, are in- 
duced by various forms of stress, including heat, is- 
chemia, toxic agents, free radicals, and acoustic over- 
stimulation. This protein is present in the spiral lim- 
bus, spiral prominence, stria vascularis, and organ 
of Corti (supporting, pillar, outer hair, and interdental 
cells); this antigen is also recognized in brain, intes- 
tine, liver, kidney, and muscle.?? 


Antibodies to HSP-70 have been identified in sys- 
temic autoimmune disorders such as ulcerative coli- 
tis.?? This antibody test could detect a local autoim- 
mune process within the inner ear in the absence of 
systemic involvement. However, hearing loss could 
be the first manifestation of a systemic autoimmune 
disease; therefore, interpreting the results is difficult. 
We do not know whether reactivity to HSP-70 1s only 
a marker for AIED or whether it plays a more deter- 
minant role in the pathogenesis. 


The low percentage of positive HSP-70 findings 
in patients with sudden deafness™ suggests that the 
inner ear response is basically cellular, as has been 
Observed in several animal models, with recruitment 
of inflammatory cells toward the cochlea. This fact, 
together with the sudden form of presentation, would 
prevent the genesis of lymphocytes secreting anti— 
HSP-70 antibodies. However, the presence of sys- 
temic autoimmune diseases represents a limitation 
to the diagnosis of this entity by Western blot immu- 
noassay.? Thus, the diagnosis of AIED is still based 
on the clinical form of presentation and on the re- 


sponse to therapy. Flow cytometry has been incor- 


porated into the immunologic workup with the ob- 
jective of demonstrating alterations of the T-cell sub- 
populations. The typical clinical course, immuno- 
logic changes, and response to steroid therapy are 
indicative of this entity. 


Phenotypic Analysis of Peripheral Blood Lympho- 
cytes. The association of immune-mediated mecha- 
nisms with rapidly progressive SNHL has been men- 


tioned in numerous studies,50-55-58 but few have ad- 
dressed their causative role. Few studies have identi- 
fied the lymphocyte subpopulations in patients’ pe- 
ripheral blood samples. 


Abnormalities in CD4+ and CD8+ subpopulations 
and the CD4+/CD8+ ratio were observed by use of 
3-color flow cytometry,°? suggesting that sudden 
deafness could present as an immunodeficiency dis- 
order. Our investigations showed decreased numbers 
of both CD44 helper cells and CD8+ cytotoxic cells, 
as well as reduced numbers of naive T cells (CD44-- 
CD45RA+ and CD8+CD45RA+). Patients with a 
positive response to steroid therapy showed a ten- 
dency toward normalization of these subpopulations 
after treatment; however, patients with a poorer re- 
sponse had increased memory T cell (CD4+- 
CD45RO+) and low naive T cell (CD8+CD45RA+) 
levels. These differences may indicate the persistence 
of the antigen that triggers the immunologic mecha- 
nism, given the possible transformation of CD4+ 
naive cells into memory cells that would continue 
despite treatment. Moreover, a population of deficient 
naive cytotoxic cells could suggest an a priori poor 
response to steroid therapy due to a deficiency of 
cytotoxic mechanisms in response to the triggering 
antigen. 


T lymphocytes have been divided into naive cells 
and memory cells that respond to a recall antigen. 
As lymphocytes develop into memory cells after an- 
tigenic stimulation, they cease to express CD45RA 
and begin to express CD45RO on their surface. Naive 
and memory phenotypic T cells have different proper- 
ties. Naive T cells are especially potent in mediating 
responses to alloantigens (eg, causing skin graft re- 
jection and induction of graft-versus-host disease). 
Naive T cells also aid in primary antibody responses. 
Memory T cells provide strong T-helper function for 
B cells and secondary T-cell proliferative responses 
to antigen. j 


The basis for T-cell abnormalities in patients with 
sudden deafness is unclear, but may relate to the auto- 
immune or immune-mediated nature of the disease. 
We do not know whether the immune system is caus- 
ing the ear damage or reacting to it. These abnormali- 
ties are similar to those observed in other autoimmune 
diseases such as SLE9? and Behcet’s disease.®! Al- 
though the causes of autoimmune diseases may differ, 
there appear to be similarities that are related to al- 
terations of immune regulation. A decrease in CD4- 
CDASRA cells could be due to autoantibodies to 
CD45RA molecules, due to the in vivo conversion 
of naive cells to memory cells as a result of an on- 
going immunologic response, or caused by the viral 
infection of these cells, although according to our 
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study, this hypothesis would be improbable, since 
few patients presented with upper respiratory tract 
. infection of probable viral origin.?? An alternative 
explanation could be a preferential homing of naive 
cells to focal inflammatory sites (inner ear). The role 
of T lymphocytes has been reported in animal models 
of autoimmune experimental labyrinthitis.29! These 
studies support the role of immunocompetent cells 
in the pathogenesis of sudden deafness, but the an- 
tigen or precise initiating agent has yet to be iden- 
tified. 


MAGNETIC RESONANCE IMAGING 


Although the first objective of magnetic resonance 
imaging (MRI) in patients with sudden deafness is 
to rule out tumors (cerebellopontine angle, internal 
auditory canal, ELS, vestibule, and cerebral tissue), 
this technique has occasionally facilitated the diag- 
nosis of immune-mediated inner ear disease. Hyper- 
intensity within the membranous labyrinth on pre- 
contrast T1-weighted images has been reported in a 
patient with Cogan syndrome”? and probably repre- 
sents hemorrhage and leakage through an abnormal 
labyrinthine membrane due to active disease (inflam- 
mation of stria vascularis blood vessels).?^ 


A correlation between hyperintensity extending to 
the vestibule and posterior labyrinth and a poor recov- 
ery of hearing loss was established. 


Another study reported that the cochlea and/or the 
vestibule showed higher signal intensity on proton 


density and T2-weighted images on the diseased side. 


(MRI-positive cases), suggesting changes in the 
chemical composition of thé perilymph and/or endo- 
lymph, since proton density and T2-weighted images 
reflect water content.®? The MRI-positive sudden 
deafness cases showéd a poorer prognosis than did 
MRI-negative cases. 


Fitzgerald and Mark® observed that patients with 
immune-mediated sudden hearing loss had a high fre- 
quency of abnormal MRI findings (66%). These au- 
` thors support early contrast-enhanced MRI to pro- 
vide an anatomic basis for therapy. | 


Unfortunately, when the diagnosis of immune-me- 
diated sudden deafness is delayed, extensive soft tis- 
. sué obliteration occurs inside the inner ear, as seen 
on T2-weighted images. This has been found in in- 
flammatory and/or ischemic injury to the labyrinth, 
as in Cogan's syndrome. Long-term disease shows 
bony or calcified obliteration on high-resolution com- 
puted tomography that is simular to that in labyrinthi- 
tis ossificans.94 


DIAGNOSTIC PROFILE 
On the basis of immunologic studies, we propose 


a profile of immune-mediated sudden SNHL.65,66 
Major criteria would include 1) bilateral involvement, 
2) systemic autoimmune disease, 3) high levels of 
ANAs, 4) a reduced number of naive T cells. (CD4+ 
RA), and 5) a more than 80% rate of recovery of 
hearing. Minor criteria would include 1) unilateral 
involvement, 2) a young or middle-aged patient, often 
female, 3) serum reactivity against HSP-70, and 4) a 
positive response to steroid treatment (recovery rate 
<80%). Three positive major criteria or 2 major cri- 
teria plus 2 minor criteria would support an immune- 
mediated disorder, taking into account that profound 
hearing losses (>90 dB) present a low percentage of 
recoveries, regardless of the cause. 


The analysis of new cochlear proteins and the ad- 
ministration of new therapeutic protocols will lead 
future research. 


THERAPY ~ 
Corticosteroids’ are "widely used in the treatment 
of suddeti SNHL and have been the standard care in 
treating AIED. They exert their effect through potent 
suppression of the immune-mediated inflammatory 


response (by blocking autoantibody production, inter- 


leukins IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, and IL-8, 
TNF-a, interferon-y, granulocyte-macrophage col- 
ony-stimulating factors, and lymphoproliferation), by 
decreasing capillary permeability, by stabilizing lyso- 
somal membranes, by blocking migratory inhibitory 
factors, and by inhibiting arachidonic acid metabo- 
lism. A role of corticoids in the regulation of ionic 
and fluid dynamics may exist, since the sodium, po- 
tassium adenosinetriphosphatase (Na,K-ATPase) ac- 
tivity and Na,K-ATPase sites of the lateral wall of 
the inner ear are modulated in accord with the pres- 
ence or absence of circulating glucocorticoids; corti- 
costeroid administration correlates with increased 
levels of Na,K-ATPase in the'inner ear.97-6? 


We initiated therapy with 6-methylprednisolone 
at 1 mg/kg body weight per day; this dose was tapered 
during the next 21 days. In patients with profound 
hearing loss (>70 dB), a daily 500- to 1,000-mg bolus 
of 6-methylprednisolone was administered for 3 days. 
Patients who were nonrésponsive or had recurrent 
disease started therapy with methotrexate (MTX); 
oral MTX was begun at a dose of 7.5 mg/wk and in 
most cases was increased to 15 mg/wk given in 2 
divided doses to achieve maximum response, over 4 
to 8 weeks.^^"? At monthly intervals, complete blood 
count and liver enzyme.testing were used to assess 
for toxicity. To minimize toxicity, we prescribed folic 
acid at a dose of 1; mg/d.77? The criteria for a re- 
sponse to immunomodulatory therapy included a re- 
covery of hearing of more than 60%. Serial audio- 
grams were obtained for 1 year. 
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Corticosteroid administration directly into the in- 
ner ear through the membrane of the round window?? 
makes it possible to achieve elevated concentrations 
and avoid the collateral systemic effects of these 
drugs. The mechanism of action of steroids in the 
inner ear remains open to speculation; they increase 
the microvascular blood flow in the cochlea, reduce 
the inflammation and the onset of endolymphatic 
hydrops, and lack ototoxic effects in laboratory ani- 
mals. 


Although the drug is delivered directly to the inner 
ear, the lack of consensus with respect to the dose to 
be administered and the duration of treatment, and 
the presence of a communication through the tympan- 
ic membrane that facilitates the spread of microor- 
ganisms from the outer ear to the middle ear and even 
the inner ear, increasing the risk of labyrinthitis, has 


led to the study of designs for drug delivery devices 
that allow controlled chronic administration of differ- 
ent substances. 


Drug Delivery Devices. The development of sys- 
tems for drug delivery and the administration of an- 
tioxidants, growth factors and protease inhibitors, and 
HSP-70 opens new options in the treatment of hear- 
ing loss produced by noise and by ototoxic drugs. 
Certain antioxidants (adenosine agonists, glutathione 
derivatives) have been administered directly into the 
round window. 


The direct administration of immunosuppressive 
drugs into the inner ear by means of drug delivery 
devices (osmotic pumps) may facilitate the treatment 
of immune-mediated diseases of the inner ear, espe- 
cially in patients who do not initially respond to con- 
ventional therapy. 
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BLOOD FLOW MEASUREMENTS IN THE EARS OF PATIENTS 
RECEIVING COCHLEAR IMPLANTS 
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We measured cochlear blood flow in 12 patients who received cochlear implants, using a laser-Doppler probe with an outer 
diameter of 0.8 mm, The subjects had congenital deafness, idiopathic progressive sensorineural hearing loss, Waardenburg’s syn- 
drome, narrow internal auditory canal, or sudden deafness. Putting the probe tip to the site of drilling for cochlear implantation, we 
measured blood flow before, during, and after the cochlear bony wall was opened. The laser-Doppler output was confirmed even 
after the tip of the probe was inserted into the perilymphatic space in all cases. Our results revealed that blood flow was maintained 
in all cochleas, although there was a probability of reduction in blood flow volume. We conclude that laser-Doppler flowmetry is 
both relatively safe and useful for measuring blood flow in the ears during cochlear implantation procedures. 


KEY WORDS — cochlear blood flow, cochlear implant, deafness, laser-Doppler flowmetry, narrow internal auditory canal, 


Waardenburg’s syndrome. 


INTRODUCTION 


Impairment of cochlear blood flow (CBF) may be 
one of the factors implicated in the pathophysiology 
of sensorineural hearing loss.! To evaluate CBF, 
various methods have been used, including intravital 
microscopy,?^ impedance plethysmography,” laser- 
Doppler flowmetry,!6 and microspheres.^5 However, 
at present, only laser-Doppler flowmetry is clinically 
available for measuring human CBF.1?-^ For this ap- 
proach, the tip of a probe is normally placed on the 
bony promontory over the cochlea. In this situation, 
the degree of contribution of the bone blood flow to 
the laser-Doppler output must be evaluated. Laser- 
Doppler flowmetry gathers more signals from the 
blood flow in the area closest to the tip of the probe, 
and the bone's blood supply, which probably comes 
from the external carotid artery system, may behave 
differently from the CBF, which comes from the ver- 
tebral artery system.15 At present, the degree of con- 
tribution of the bone blood flow to the laser-Doppler 
output in humans is not clear. 


When assessed by laser-Doppler flowmetry, the 
degree of contribution of the bone blood flow is as- 
sociated with the thickness of the bone, the wave- 
length of the laser, the permeability of the bone, the 
size of the probe, and the position of the probe 
tip.!9.16.17 On the basis of results of simultaneous 
measurements using laser-Doppler flowmetry and 
microspheres in rats, it has been estimated tbat be- 


tween 30% and 40% of the laser-Doppler output de- 
pends on bone blood flow.!8 Because the bone sur- 
rounding the cochlea is thicker in humans than in 
experimental animals, the actual contribution of the 
bone blood flow to the laser-Doppler output is likely 
to be greater in clinical situations. 


Patients receiving cochlear implants offer clini- 
cians a unique opportunity to evaluate the contribu- 
tion of the bone blood flow systematically, as the 
bone surrounding the cochlea is opened. We believe 
that the true contribution of the CBF can thus be mea- 
sured most accurately by laser-Doppler flowmetry 
in such a situation. Here we report on the measure- 
ment of CBF in the ears of patients receiving co- 
chlear implants. 


METHODS 


The subjects for this investigation were 12 patients 
who received cochlear implants. There were 7 male 
patients and 5 female patients, and their ages ranged 
from 2 to 55 years. All parents of the children and all 
adult patients received an explanation of the method 
and purpose of the study, and provided informed con- 
sent. The causes of deafness were unknown, except 
in 1 patient, who had Waardenburg's syndrome. One 
child had bilateral narrow internal auditory canals 
(Fig 1). Three adults had been found to have idio- 
pathic progressive sensorineural hearing loss. One 
adult patient had experienced idiopathic sudden sen- 
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Fig 1. Computed tomogram of case of bilateral narrow 
internal auditory canals. 


sorineural hearing loss 2 years previously. 


The CBF was measured with a laser-Doppler flow- 
meter (model ALF 21, Advance, Tokyo, Japan) un- 
der general anesthesia with sevoflurane and nitrous 
oxide. The systolic blood pressure was between 85 
mm Hg and 123 mm Hg and the diastolic blood pres- 
sure was between 35 mm Hg and 70 mm Hg at mea- 
surement. The outer diameter of the probe was 0.8 
mm, and the fiber separation between the exciting 
and receiving optic fibers was 0.3 mm. The tip of the 
probe was attached manually to the site of drilling 
for cochlear implantation. Blood flow was measured 
before, during, and after the cochlear bony wall had 
been opened, as demonstrated in Fig 2. For drilling, 
we used a Skeeter drill (Medtronic Xomed, Jackson- 
ville, Florida) with an outer diameter of 0.8 mm. 


Figure 2A shows the tip of the laser-Doppler probe 
attached to the mucous membrane of the promon- 
tory before drilling commenced. Figure 2B shows 
the placement of the tip of the probe when the mu- 
cous membrane of the promontory had been removed 
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by the drilling. Figure 2C shows the placement of 
the tip of the probe when half of the bony wall had 
been drilled. Figure 2D shows the tip of the probe 
attached to the lateral membrane of the scala tympani. 
Figure 2E shows the placement after the bony wall 
had been opened, with the tip of the probe inserted 
into the perilymphatic space. It took less than | min- 
ute to drill through half of the bone. The drill speed 
was about 12,000 rpm. We used saline solution sev- 
eral times to cool the bone during the drilling. 


RESULTS 


The Table gives the values of the laser-Doppler 
output measured at the positions shown in Fig 2. The 
laser-Doppler output was largest when the tip of the 
probe was attached to the mucous membrane of the 
promontory (analysis of variance, p < .01). As shown 
in the Table, measurements could not be done at some 
positions, when it was considered that the drilling 
proceeded too deep for the measurement. An example 
of the recording is demonstrated in Fig 3. Figure 3 
shows that the laser-Doppler output became stable 
within several seconds after the placement of the 
probe. It took about 10 minutes for the evaluation of 
blood flow, including 5 measurements (Fig 2). Fig- 
ure 3 also shows a tendency for pulsatory movement 
of the output to be wide when the output was large. 


The output was confirmed in all situations and 
cases, except in 2 patients, for whom the output was 
zero when measured at the position shown in Fig 
2D. Even in the patient with narrow internal audi- 
tory canals, output was confirmed in all situations, 
as shown in the Table. There was no significant dif- 
ference among the values of the laser-Doppler out- 
put measured at the positions shown in Fig 2B-E. A 
correlation was observed between the values of the 
laser-Doppler output measured when the tip of the 
probe was attached to the mucous membrane of the 
promontory and those measured when the tip of the 
probe was inserted into the perilymph (r = 0.78, p < 
.01). However, there was no significant correlation 
between the values of the laser-Doppler output mea- 
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Fig 2. Blood flow measurements in ears of patients receiving cochlear implants. A) Tip of probe is on mucous membrane of 
promontory. B) Mucous membrane of promontory has been removed. C) Half of bony wall has been drilled. D) Bony wall has 
been drilled down to mucous membrane surrounding perilymph. E) Bony wall has been opened, and tip of probe has been 


inserted into perilymphatic space. 
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LASER-DOPPLER OUTPUT FROM EARS RECEIVING COCHLEAR IMPLANTS 


Patient Age 


No. (y) Sex Hearing Loss 
1 16 F Hereditary 
2 3 F Waardenburg’s syndrome 
3 45 F IPSNHL 
4 2 F Congenital 
5 3 M Narrow IAC 
6 3 M Congenital 
7 55 M IPSNHL 
8 3 M Congenital 
9 2 M Congenital 
10 26 F IPSNHL 
11 2 M Congenital 
12 53 M Sudden deafness 


Output Output Output Output Output 
at A at B at C at D at E 
5.3 2.0 4.0 1.9 2.7 
44.8 4.0 2.3 0.0 50 
4.2 1.4 2.4 0.0 T 
27.8 1:3 NM 2:2 4.6 
3.8 2.5 0.4 1.8 1.4 
ZZ NM 1.0 0.2 0.7 
1.0 0.6 NM NM 0.4 
5.9 3.0 1.1 NM 2.7 
22.8 24 2.2 NM 25 
6.8 NM 1.5 NM 4.0 
4.5 1.2 1.3 0.6 0.8 
15.6 1.9 NM 7.0 23 


Outputs (arbitrary units) at A, B, C, D, and E represent those measured at positions shown in Fig 2A-E, respectively. 
IPSNHL — idiopathic progressive sensorineural hearing loss, NM — not measured, IAC — internal auditory canal. 


sured when the tip of the probe was attached to the 
mucous membrane of the promontory and those mea- 
sured at the positions shown in Fig 2B-D. 


There was no correlation between the laser-Dop- 
pler output and blood pressure. When the patients 
were analyzed as 2 groups — adults (16 years or 
older) and children (3 years or younger) — the la- 
ser-Doppler output was not significantly different for 
any measurement taken in the positions shown in Fig 
2. 


DISCUSSION 


After measuring CBF by using laser-Doppler flow- 
metry, Miller et al? reported that normal mucosa in 
humans does not contribute significantly to the la- 
ser-Doppler output. Nakashima et al! reported that 
removal of the middle ear mucosa under the probe 
tip lowered the laser-Doppler output to 50% to 80%. 
In the present study, removal of the middle ear mu- 
cosa lowered the laser-Doppler output to 3396 of the 
average of its previous level. This large reduction in 
output may suggest a disturbance of CBF in ears re- 
ceiving cochlear implants. 


Because we opened the bony wall by using a drill, 
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blood flow in the bony wall or blood flow in the peri- 
lymphatic lateral membrane adjacent to the drilled 
part may be disturbed by the mechanical or thermal 
effect of the drilling. However, we consider that the 
laser-Doppler output measured when the tip of the 
probe was inserted into the perilymphatic space re- 
flected CBF without the mechanical or thermal ef- 
fect of the drilling, because the output reflected blood 
flow in the area illuminated by the laser light through 
the transparent perilymph, in which it is distant to 
the drilled part. In measuring blood flow where the 
measurement portion is not transparent, blood flow 
in the portion within about 1 mm from the tip of the 
probe can be measured with this laser probe. 


In this study, we did not observe bleeding when 
the bony wall was opened (from Fig 2B to Fig 2E). 
This finding is in contrast to the fact that bleeding 
always occurs when the bony wall is opened in nor- 
mal guinea pigs. Actually, using the same probe in 
guinea pigs, we confirmed that the laser-Doppler out- 
put measured when the middle ear mucosa was in- 
tact was not significantly different from that mea- 
sured when the probe tip was inserted into the peri- 
lymph. In a case with a narrow internal auditory ca- 


Fig 3. (Case 11) Example of recording of la- 
ser-Doppler output measured at positions in Fig 
2A-E. Each recording was made from place- 
ment to removal of probe. 
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nal, reduction of CBF was anticipated, because the 
inner ear artery runs through the internal auditory 
canal. However, the laser-Doppler output in this case 
was not significantly different from those in the other 
cases. These findings may also suggest disturbance 
of CBF in patients who receive cochlear implants. 


Fibrous or bony occlusion of the perilymphatic 
space, which occasionally makes cochlear implan- 
tation difficult, may be associated with impairment 
of CBF. Perlman et al!’ described that experimental 
obstruction of the labyrinthine artery was rapidly 
followed by severe degenerative changes and ossifi- 
cation in the cochlea. Human temporal bones, after 
surgical removal of acoustic tumor or sudden senso- 
rineural hearing impairment, also revealed cochlear 
ossification that suggested a vascular cause of hear- 
ing loss.2° Cochlear ossification is a common occur- 
rence in postmeningitic deaf patients.2-22 However, 
whether the postmeningitic cochlear ossification is 
associated with the disturbance of CBF is not clear 


at present. 


Because laser-Doppler flowmetry provides only 
relative values, it is difficult to compare results across 
patients. However, laser-Doppler flowmetry is su- 
perior for examining relative changes due to various 
stimuli. It has been shown that direct electrical stimu- 
lation of the cochlea elevates CBF. 12-23 As electrical 
stimulation to the cochlea has been recently applied 
to observe neural responsiveness during a cochlear 
implant procedure (eg, as neural response telemetry), 
we believe that observation of the laser-Doppler re- 
sponse to such electrical stimulation may provide 
further information about CBF. 


In conclusion, laser-Doppler flowmetry is both 
relatively safe and useful for measuring blood flow 
in the ears during cochlear implantation procedures. 
The measurement may be useful in, among other 
things, investigating the cause of sensorineural hear- 
ing loss and investigating the relationship between 
ossification and disturbance of blood flow. 
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BACTERIOLOGY OF ACUTE AND CHRONIC SPHENOID SINUSITIS 


ITZHAK BROOK, MD, MSC 
CHEVY CHASE, MARYLAND 


Aspirates of 16 acutely infected and 7 chronically infected sphenoid sinuses were processed for aerobic and anaerobic bacteria. 
A total of 29 isolates were recovered from the 16 cases of acute sphenoid sinusitis (1.8 per specimen): 22 aerobic and facultative (1.4 
per specimen), and 7 anaerobic (0.4 per specimen). Aerobic and facultative organisms alone were recovered in 10 specimens (62%), 
anaerobes alone were isolated in 3 (19%), and mixed aerobic and anaerobic bacteria were recovered in 3 (19%). The predominant 
aerobic and facultative species were Staphylococcus aureus (9 isolates), Streptococcus spp (9), and Haemophilus influenzae (2). A 
total of 28 isolates were recovered from the 7 cases of chronic sphenoid sinusitis (4.0 per specimen): 11 aerobic and facultative (1.6 
per specimen) and 17 anaerobic (2.4 per specimen). Aerobic and facultative organisms alone were recovered in 1 instance (14%), 
anderobes alone in 3 instances (43%), and mixed aerobes and anaerobes in 3 instances (43%). The predominant aerobic bacteria were 
gram-negative bacilli (Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa; 1 each), The predominant anaerobes 
included Peptostreptococcus spp (4 isolates), Prevotella spp (5), and Fusobacterium spp (4). These findings illustrate the unique 
microbiology of acute and chronic sphenoid sinusitis. 


KEY WORDS —- anaerobe, beta-lactamase, Fusobacterium spp, Prevotella spp, sphenoid sinusitis, Staphylococcus aureus. 


INTRODUCTION with acute and 5 with chronic sinusitis. 

Sphenoid sinusitis is a rare but potentially devas- Only patients who fulfilled the following criteria 
tating infection. In contrast to maxillary sinusitis, the were included in the study: typical clinical symptoms 
microbiology of sphenoid sinusitis is not well estab- of sinusitis (headache, fever, nasal drainage, etc), 
lished, and only a few reports have documented the positive radiographic findings, positive sphenoid bac- 
organisms isolated.1-? The role of anaerobic bacteria terial cultures, and biopsy specimens demonstrating 
in this infection has not been well studied either, al- ácute or chronic inflammation of the sinus mucosal 
though their recovery has been recorded in a few lining, or clinical and radiologic findings compat- 
cases.l5 .- ! ible with sphenoid sinusitis followed by clinical and 


radiologic improvement after surgery and treatment 


This report describes the author's ersonal expe- à pear 
ee P P with antibiotics. 


rience during a 25-year period of studying the aero- 


bic and anaerobic microbiology of sphenoid sinusi- The sinusitis was considered acute if the duration 
tis. of symptoms was less than 1 month; chronic symp- 
toms were those that persisted for more than 1 month. 
PATIENTS AND METHODS ; 

Sphenoid surgery was performed by an external 
The 23 patients included in the report were stud- ethmoidal approach in 14 patients or by an intranasal 
ied by the author between June 1975 and June 2000. endoscopic approach in 9. The secretions were mu- 
Excluded were 6 additional patients whose sphenoid copurulent in 17 instances (11 acute and 6 chronic) 
sinusitis showed no bacterial growth. They were seen and opaque in 6 (5 acute and 1 chronic). A foul smell 

in the following hospitals: University of California was noted in 11 instances: 6 chronic and 5 acute. 


Medical Center and County Medical Center in Los 
Angeles, California; Children's Hospital National 
Medical Center in Washington, DC; and Naval Hos- 
pital in Bethesda, Maryland. 


The specimens were obtained during surgery af- 
ter the sinuses were opened in 13 cases, and through 
a puncture before the sinuses were opened in 10. 
Strict asepsis was used to avoid any contamination, 


The patients' ages ranged from 15 to 69 years and the specimens were transported to the labora- 
(mean, 42 years 7 months), and 13 were male. Three tory in a syringe sealed with a rubber stopper after 
patients were children (younger than 18 years old). evacuation of the air or in an anaerobic transport tube 
Included in the study were 16 patients with acute (Port-A-Cul, Baltimore Biological Laboratories, 
and 7 with chronic sinusitis. Antimicrobial therapy Cockeysville, Maryland). The time between the col- 
was administered to 16 patients (70%) in the month lection of materials and inoculation of the specimen 
before sample collection. These included 11 patients was generally less than 60 minutes for syringes and 
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ORGANISMS ISOLATED FROM 23 ASPIRATES OF 
SPHENOID SINUSITIS 


Acute Chronic 
0p am .Sinusitis Sinusitis Total 


Bacteria (n=16) (nz7) (n=23) 


Aerobic bacteria 


a-Hemolytic streptococci 3 Z 5 
Microaerophilic streptococci 2 2 4 
Streptococcus pneumoniae 1 1 
Streptococcus pyogenes 1 1 
Group F streptococci 2 2 
Staphylococcus aureus 9 (9) 1(1) 10(10) 
Staphylococcus epidermidis 1 2 (1) 3 (1) 
Klebsiella pneumoniae 1 (1) 1 (1) 
Escherichia coli l 1 
Pseudomonas aeruginosa 1 (1) 1 (1) 2 (2) 
Haemophilus influenzae 2 (1) 1 (1) 3 (2) 
Subtotal 22(11)) 11(5)  33(16) 
Anaerobic bacteria 
Peptostreptococcus spp 3 4 7 
Propionibacterium acnes 2 2 4 
Fusobacterium spp 1 (1) 1 (1) 
Fusobacterium nucleatum Í © 3(2) 4 (2) 
Bacteroides spp 1 (1) 1 (1) 
Prevotella melaninogenica l 2 (1) 3 (1) 
Prevotella oralis 1 (1) 1 (1) 
Prevotella intermedia 20D 2 (1) 
Porphyromonas asaccharolytica 1 I 
Subtotal 7(0) 170  24(7 
Total 29 (11) 28(12) 57 (23) 


Numbers within parentheses indicate B-lactamase producers. 


less than 3 hours for the anaerobic transport tube. 


Specimens were inoculated onto 5% sheep's blood, 
chocolate agar, and MacConkey agar plates for aero- 
bic and facultative organisms. The plates were incu- 
bated at 37°C aerobically (MacConkey) or under 5% 
carbon dioxide (5% sheep's blood and chocolate) and 
examined at 24 and 48 hours. For anaerobes, the ma- 
terial was plated onto prereduced vitamin-K 1—en- 
riched Brucella blood agar, an anaerobic blood agar 
plate containing kanamycin and vancomycin, an an- 
aerobic blood plate containing colistin and nalidixic 
acid, and an enriched thioglycolate broth (contain- 
ing hemin and vitamin K1).* The anaerobic plates 
were incubated in anaerobic jars (GasPak jars, Bal- 
timore Biological Laboratories) and examined at 48 
and 96 hours. 


.Anaerobes were identified by techniques described 
previously.^ Aerobic bacteria were identified by con- 
ventional methods.? B-Lactamase activity was deter- 
mined by use of the chromogenic cephalosporin ana- 
log 87/312 method. Blood cultures for aerobic and 
anaerobic bacteria were obtained from 17 patients 
before surgery. 


RESULTS 


Acute Sphenoid Sinusitis. A total of 29 isolates 
were recovered from the 16 cases (1.8 per specimen): 
22 aerobic and facultative (1.4 per specimen) and 7 
anaerobic (0.4 per specimen). The number of iso- 
lates per specimen varied from 1 to 4. Aerobic and 
facultative organisms alone were recovered in 10 
specimens (62%), anaerobes alone were isolated in 
3 (19%), and mixed aerobic and anaerobic bacteria 
were recovered in 3 (19%). The predominant aero- 
bic and facultative organisms were Staphylococcus 
aureus (9 specimens), Streptococcus spp (9), and 
Haemophilus influenzae (2; see Table). The predomi- 
nant anaerobic bacteria were Peptostreptococcus spp 
(3) and Propionibacterium acnes (2). Eleven B-lac- 
tamase—producing bacteria (BLPB) were recovered 
from 10 specimens (50%). The predominant one was 
S aureus. 


Chronic Sphenoid Sinusitis. A total of 28 isolates 
were recovered from the 7 cases (4.0 per specimen): 
I1 aerobic and facultative (1.6 per specimen) and 17 
anaerobic (2.4 per specimen). The number of 1so- 
lates varied from 2 to 6, Aerobic and facultative or- 
ganisms were recovered in 1 instance (14%), anaer- 
obes alone in 3 instances (43%), and mixed aerobic 
and anaerobic bacteria in 3 instances (43%). The pre- 
dominant aerobic bacterta were gram-negative bacilli 
(Klebsiella pneumoniae, Escherichia coli, and Pseu- 
domonas aeruginosa; see Table). The predominant 
anaerobes included Peptostreptococcus spp (4), Fu- 
sobacterium spp (4), and Prevotella spp (5). Twelve 
BLPB were recovered from 6 patients (86%). These 
included the $ aureus isolate, 3 of the 4 isolates of 
Fusobacterium spp (75%), and 3 of the 5 isolates of 
Prevotella spp (60%). 


Concomitant medical problems included hyperten- 
sion (4 cases), asthma (3 cases), diabetes (3 cases), 
oral steroid use (2 cases), deep-sea diving (2 cases), 
pituitary malignancy (1 case), and trauma of the skull 
(1 case). No correlation was: found between these 
conditions and the microbiological findings. 


Organisms simular to those recovered in the sinuses 
were found in the blood in 5 instances. These in- 
cluded $ aureus (3 cases), Fusobacterium nucleatum 
(1 case), and Prevotella melaninogenica (1 case). 


DISCUSSION 


This study demonstrates the microbiological fea- 
tures of acute and chronic sphenoid sinusitis. Unlike 
in acute maxillary sinusitis, in which Streptococcus 
pneumoniae predominates, $ aureus is the most com- 
mon isolate in acute sphenoid sinusitis. Similar find- 
ings were also observed by other investigators.!-3 
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Lew et al! recovered $ aureus in 5 of 13 patients 
(38%) with acute sphenoid sinusitis. The present study 
revealed that chronic sphenoid sinusitis involves more 
organisms per specimen as compared to acute infec- 
tion, and that the most common isolates in chronic 
infection were anaerobic bacteria. These were mainly 
Peptostreptococcus spp, Fusobacterium spp, pig- 
mented Prevotella, and Porphyromonas spp — all 
members of the oropharyngeal flora. Similarly to Lew 
etal, aerobic gram-negative bacilli (including K pneu- 
moniae, E coli, and P aeruginosa) were also isolated 
in the present study in chronic sphenoid sinusitis. 
The high recovery rate of anaerobic bacteria 1n chron- 
ic sphenoid sinusitis is similar to the findings in 
chronic maxillary sinusitis, in which these organisms 
also predominate."? 


The frequent involvement of anaerobes in chronic 
sphenoid sinusitis probably could be related to the 
poor drainage and increased intranasal pressure (noted 
in the maxillary sinus) that develops during inflam- 
mation.!° This can reduce the oxygen tension in the 
inflamed sinus!! by decreasing the mucosal blood 
flow!? and depressing the ciliary action.1? The low- 
ering of the oxygen content and pH of the sinus cav- 
ity supports the growth of anaerobic organisms by 
providing them with an optimal oxidation-reduction 
potential. !? 


In 14 of 23 patients (61%), BLPB were isolated. 
The recovery of BLPB is not surprising, because al- 





most three quarters of the patients in this study re- 
ceived antimicrobial agents, including the B-lactams, 
within the past 3 months, which might have selected 
for these organisms. 


Surgical drainage is essential in most cases, and 
an initial empiric broad-spectrum antimicrobial cov- 
erage is required. However, the unique microbiol- 
ogy of acute and chronic sphenoid sinusitis, and the 
recovery of BLPB in about two thirds of the speci- 
mens, requires adjusting an initial empiric therapy 
to a specific one. 


Empiric broad-spectrum coverage with a combi- 
nation of a penicillin and a B-lactamase inhibitor, or 
clindamycin (effective against anaerobes and S au- 
reus), plus an antimicrobial effective against aero- 
bic gram-negative rods (ie, an aminoglycoside, cef- 
tazidime, or a quinolone in adults) or a carbapenem 
(ie, imipenem), may be warranted initially. Additional 
coverage for S aureus may be achieved by use of a 
B-lactam—resistant penicillin (eg, dicloxacillin), van- 
comycin, or linezolid. Specific antimicrobial therapy 
can be chosen after culture results are obtained. 


Prospective studies are warranted to elucidate the 
role of anaerobic bacteria in acute and chronic sphe- 
noid sinusitis. It is, however, recommended that spec- 
imens from infected sphenoid sinuses be cultured for 
both aerobic and anaerobic bacteria, as well as fungi, 
so that antimicrobial therapy can be appropriate. 


ACKNOWLEDGMENT — The author acknowledges the secretarial help of Sarah Blaisdell. 


REFERENCES 


1. Lew D, Southwick FS, Montgomery WW, Weber AL, 
Baker AS. Sphenoid sinusitis. A review of 30 cases. N Engl J 
Med 1983;309:1149-54. 


2. Hnatuk LA, MacDonald RE, Papsin BC. Isolated sphe- 
noid sinusitis: the Toronto Hospital for Sick Children experi- 
ence and review of the literature. J Otolaryngol 1994;23:36-41. 


3. Ruoppi P, Seppa J, Pukkila M, Nuutinen J. Isolated sphe- 
noid sinus diseases: report of 39 cases. Arch Otolaryngol Head 
Neck Surg 2000;126:777-81. 


4. Summanen P, Baron EJ, Citron DM, Strong C, Wexler 
HM, Finegold SM. Wadsworth anaerobic bacteriology manual. 
5th ed. Belmont, Calif: Star Publishing, 1993. 

5. Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken 
RH. Manual of clinical microbiology. 6th ed. Washington, DC: 
American Society for Microbiology, 1995. 

6. O'Callaghan DH, Morris A, Kirby SM, Shingler AH. 
Novel method for detection of beta-lactamases by using a chro- 


mogenic cephalosporin substrate. Antimicrob Agents Chemother 
1972;1:283-8. 


7. Frederick J, Braude AI. Anaerobic infection of the para- 
nasal sinuses. N Engl J Med 1974;290:135-7. 


8. Brook I. Bacteriology of chronic maxillary sinusitis in 
adults. Ann Otol Rhinol Laryngol 1989;98:426-8. 


9. Nord CE. The role of anaerobic bacteria in recurrent epi- 
sodes of sinusitis and tonsillitis. Clin Infect Dis 1995;20:1512- 
24. 


10. Drettner B, Lindholm CE. The borderline between acute 
rhinitis and sinusitis. Acta Otolaryngol (Stockh) 1967;64:508- 
13. 


11. Carenfelt C, Lundberg C. Purulent and non-purulent max- 
illary sinus secretions with respect to pO2, pCO2 and pH. Acta 
Otolaryngol (Stockh) 1977;84:138-44. 


12. Aust R, Drettner B. Oxygen tension in the human maxil- 
lary sinus under normal and pathological conditions. Acta Oto- 
laryngol (Stockh) 1974;78:264-9. 


13. Carenfelt C. Pathogenesis of sinus empyema. Ann Otol 
Rhinol Laryngol 1979;88:16-20. 


Ann Otol Rhinol Laryngol 111:2002 


SENSITIVITY AND SPECIFICITY OF INTRAOPERATIVE RECURRENT 
LARYNGEAL NERVE STIMULATION IN PREDICTING POSTOPERATIVE 
NERVE PARALYSIS 


RANDAL A. OTTO, MD C. SPENCER COCHRAN, MD 


SAN ANTONIO, TEXAS 


Bilateral recurrent laryngeal nerve (RLN) paralysis after thyroidectomy is infrequent, but serious when it occurs. Intraoperative 
knowledge of the status of the nerve after dissection could potentially provide the surgeon with important decision-making informa- 
tion. The current study examines the sensitivity and specificity of intraoperative stimulation of the RLN during thyroid surgery for 
predicting postoperative RLN deficits. Eighty-one RLNs in 55 patients were identified to be at risk of injury during thyroidectomy or 
parathyroidectomy performed between January 1998 and February 2000. Intraoperative determination of RLN function was evalu- 
ated with a disposable nerve stimulator (Xomed, Jacksonville, Florida) set at 0.5 mA. Injury was assessed by palpating for a contrac- 
tion of the posterior cricoarytenoid muscle while the stimulus was applied. Postoperative assessment of RLN integrity was deter- 
mined by using indirect or direct laryngoscopy to visualize vocal fold mobility. Nine RLNs failed to elicit a posterior cricoarytenoid 
contraction after nerve stimulation, and 4 RLNs were determined to be deficient in the postoperative evaluation. The calculated 
sensitivity and specificity were 75% and 92.2% with a positive predictive value of 33.3% and negative predictive value of 98.6%. 
The RLN injury rate was 4.94%. We conclude that intraoperative RLN stimulation is a relatively safe and useful method of determin- 
ing what RLN function will be after thyroid or parathyroid surgery. 


KEY WORDS — nerve paralysis, thyroid surgery. 


INTRODUCTION 


Iatrogenic injury of the recurrent laryngeal nerve 
(RLN) is a cause of morbidity associated with surgi- 
cal procedures of the head and neck. In particular, 
surgery of the thyroid and parathyroid glands carries 
a substantial risk of injury to the RLN because of the 
structures' intimate anatomic relationship. The re- 
ported incidence of RLN injury in thyroid gland sur- 
gery varies widely, from 0.4% in primary operations 
to 12.5% in secondary operations.!-? Several factors 
that increase the incidence of RLN injury include 
underlying thyroid disease, malignancy, prior irradi- 
ation, extent of surgical resection, previous thyroid 
or parathyroid surgery, anatomic variability or anom- 
alies, and failure to identify the nerve.?^ Despite the 
variable incidence of RLN injury, intraoperative iden- 
tification of the RLN has been a concern of surgeons 
and has become an established and integral part of 
thyroid surgery since Lahey’s 1938 article.5.10 


In addition to visual identification of the RLN dur- 
ing surgery, electrophysiological means of identify- 
ing and assessing RLN function have become avail- 
able in recent years. Several studies present a method 
of RLN monitoring via direct electrical RLN stimu- 
lation and measurement of evoked electromyograph- 
ic responses with either an endotracheal tube with 
integrated electrodes or postcricoid laryngeal surface 


electrodes.55:6 Others have used a method of direct 
stimulation of the RLN with a disposable nerve stim- 
ulator and palpation of a response of the laryngeal 
musculature.7-? 


The current study examines the sensitivity and 
specificity of intraoperative stimulation of the RLN 
during thyroid surgery for predicting postoperative 
RLN deficits. 


METHODS 


Data were collected retrospectively from 60 pa- 
tients who underwent thyroid or parathyroid surgery 
between January 1998 and February 2000. Each pa- 
tient underwent preoperative assessment by either fi- 
beroptic or indirect laryngoscopy to assess vocal fold 
mobility. During the surgical procedures, an attempt 
was made to isolate and expose each RLN at risk. At 
the conclusion of each procedure, the identified RLN 
was stimulated proximal to its entránce into the lar- 
ynx with a disposable Xomed nerve stimulator (Xo- 
med, Jacksonville, Florida) set at 0.5 mA. 


Intraoperative determination of RLN injury was 
assessed by digital palpation for a contraction of the 
posterior cricoarytenoid (PCA) muscle while the 
stimulus was applied. In instances in which no con- 
traction was palpated, a second 0.5-mA stimulus was 
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TABLE 1. RESULTS OF INTRAOPERATIVE TESTING OF 
RLN AND POSTOPERATIVE OBSERVATIONS OF 


VOCAL FOLD MOBILITY 
Results of Postoperative 
RLN Examination 
Results of Intraoperative Vocal Fold Normal Vocal 
Stimulation of RLN Paralysis Fold Mobility 
No contraction (positive) 3 6 
Contraction (negative) 1 71 


RLN — recurrent laryngeal nerve. 


applied. A positive test result (ie, injured nerve) for , 


RLN injury was defined as "no contraction," whereas 
a negative result (ie, noninjured nerve) was defined 
as a “palpable contraction." Postoperative assessment 
of the integrity of each RLN was performed within 1 
week of the procedure by fiberoptic or indirect laryn- 
goscopy to visualize the mobility of the vocal folds. 
All examinations were performed by otolaryngology 
residents proficient in laryngeal examination. The 
sensitivity, specificity, positive predictive value, neg- 
ative predictive value, and RLN injury rate were cal- 
culated from the collected data. 


Additionally, in those patients in whom postopera- 
tive RLN palsies were noted, subsequent patient rec- 
ords were reviewed to determine whether the RLN 
injury was temporary or permanent. 


RESULTS 


A total of 81 RLNs were identified as “at risk" of 
injury in 55 of the 60 patients who underwent thy- 
roidectomy or parathyroidectomy during the speci- 
fied time period. Five patients in whom RLNs were 
not identified during operation were eliminated from 
_ the study, and 2 RLNs with preexisting deficits were 
not included in the data. | 


Intraoperative RLN stimulation failed to elicit a 
PCA contraction in 9 RLNs (Table 1). Of the 9 posi- 
tive results, 3 RLNs were subsequently determined 
to be injured in the immediate postoperative period 
by fiberoptic examinatiórr as evidenced by vocal fold 
weakness, and the remaining 6 RLNs were shown to 
be intact after operation. Intraoperative stimulation 
of 72 RLNs did elicit PCA contractions (negative 
result). One RLN with a negative test result for in- 
jury was found to be nonfunctional in the immediate 
postoperative period, but the problem subsequently 
resolved. 


Seventy-five percent of RLNs with injuries failed 
to demonstrate intraoperative contraction of the PCA 
muscle (sensitivity, 75.0%). Ninety-two percent of 
RLNs without injury demonstrated contraction of the 
PCA muscle (specificity, 92.2%). The positive predic- 
tive value and negative predictive value were calcu- 


TABLE 2. SENSITIVITY, SPECIFICITY, AND POSITIVE 
AND NEGATIVE PREDICTIVE VALUES OF 
INTRAOPERATIVE STIMULATION OF RLN 


Sensitivity 75.0% 
|^ Specificity 92.2% 
Positive predictive value 33.3% 
Negative predictive value 98.6% 


lated to be 33.3% and 98.6%, respectively (Table 2). 


Of the 4 patients in whom RLNs were found to be 
injured in the immediate postoperative period, 3 RLN 
injuries resolved upon reexamination at a later date, 
and 1 patient was lost to follow-up. 


DISCUSSION 


Iatrogenic injury of the RLN is a serious compli- 
cation of head and neck surgery. Mechanisms of per- 
manent RLN injury have been noted to include tran- 
section, stretch injury, crush injury, electrical injury, 
thermal injury, and ischemia.? Temporary RLN pa- 
ralysis may occur as a result of edema, inflammation, 
ligature entrapment, or minor trauma to the nerve it- 
self caused by manipulation.^^ Regardless of the du- 
ration of injury, deficits in RLN function have dire 
consequences for the patient. Common symptoms or 
complications of unilateral RLN paralysis include 
dysphonia, susceptibility to aspiration pneumonia, 
cardiac stress, and ventilatory disturbances in the form 
of airflow resistance.? Bilateral paralysis can be life- 
threatening because of acute airway obstruction.? For 
this reason, some surgeons will perform direct laryn- 
goscopy at the completion of the surgery. 


Whereas previous studies have advocated intraop- 
erative nerve stimulation as a means to identify and 
localize the RLN, the focus of the current study was 
to examine the value of determining RLN integrity 
in assessing and identifying patients who are likely 
to have postoperative deficits with subsequent com- 
plications. À positive test result for RLN injury could 
allow the surgeon to search for the cause of the nerve 
deficit and identify potentially reversible causes of 
temporary RLN deficits. Similarly, positive test re- 
sults for RLN injury seen during the procedure could 
prompt the surgeon to consider equally effective al- 
ternative treatment options (eg, lobectomy, subtotal 
thyroidectomy, near-total thyroidectomy) or alternate 
postoperative monitoring regimens. 


The data show that intraoperative stimulation of 
the RLN is a useful test in determining the postop- 
erative condition of nerve function; an RLN deter- 
mined to be functioning at the time of the procedure 
is likely to be intact, given the high specificity rate 
of 92.2% and the negative predictive value of 98.6%. 
Although the calculated sensitivity of 75% indicates 
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that a positive test result may not accurately depict 
the viability of the RLN in the postoperative period, 
a positive result.does alert the surgeon to patients 
with possible RLN dysfunction who should be moni- 
tored closely during the postoperative period. 


Possible reasons for the noted false-positive re- 
sults include inaccurate nerve stimulator placement, 
inadequate stimulus amplitude, and a failure of the 
physician to palpate a muscular contraction. A false- 


negative result could be caused by nerve stimulation 
proximal to the site of injury or an erroneous sensa- 
tion palpated by the surgeon. 


In conclusion, the current study outlines a useful, 
practical, and,inexpensive method of intraoperative 
assessment of RLN function. However, this method 


of RLN monitoring should not preclude or replace a 


thorough head and neck evaluation to assess the in- 
tegrity of the RLN after operation. 
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ELECTROPHYSIOLOGICAL FINDINGS IN TWO BILATERAL 
COCHLEAR IMPLANT CASES: DOES THE DURATION 
OF DEAFNESS AFFECT ELECTRICALLY EVOKED 
AUDITORY BRAIN STEM RESPONSES? 
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Bilateral cochlear implantation provides an interesting model for in vivo study of the effect of long-term profound deafness on 
neural transmission. We present electrophysiological observations on 2 patients implanted with the MXM Binaural Digisonic Con- 
vex system. This uncommon design consists of 2 electrode arrays placed bilaterally into the scala tympani and controlled by a single 
speech processor. In both patients, the duration of deafness before cochlear implantation clearly differed from one ear to the other. 
Electrically evoked auditory brain stem responses (EABRs) were measured and the EABRs from the ear with the longer deafness 
duration showed a lengthening of wave V latency. In 1 patient, recordings from this ear also showed a lack of reproducibility of wave 
III. The data suggest that neural responsiveness in the peripheral and intermediate auditory pathways is adversely affected by deaf- 
ness duration. Poor EABRs on one ear possibly result from the total duration of deafness in this ear and/or compensation by the other 


c ar. 


KEY WORDS — bilateral cochlear implantation, deafness duration, electrically evoked auditory brain stem response. 


INTRODUCTION 


To our best knowledge, the electrically evoked au- 
ditory brain stem response (EABR) in bilateral co- 
chlear implantation has so far only been reported in 
a patient equipped with the Ineraid cochlear implant 
involving a device with a percutaneous plug, and who 
had undergone 2-step surgery.! Recently, we had the 
opportunity to study EABR in 2 patients equipped 
with the Binaural Digisonic Convex cochlear implant 
(MXM Laboratory, Vallauris, France). In this design, 
2 electrode arrays are placed bilaterally into the scala 
tympani during a single surgical session and are con- 
trolled by a single receiver placed on one side. As a 
result, such a device provides electrical stimulation 
similar to binaural acoustic stimulation. In both of 
the cases reported here, the duration of deafness (AtD) 
clearly differed from one ear to the other, before the 
implantation procedure. Thus, this case study pro- 
vided an opportunity to investigate the influence of 
AtD on EABR. 


MATERIAL AND METHODS 
Binaural Digisonic Convex Cochlear Implant. The 


MXM Binaural Digisonic Convex is a multielectrode 
transcutaneous cochlear implant. The implanted part 
of the device consists of a single coil receiver and 15 
0.5-mm-diameter electrodes (numbered 1 to 15). The 
electrodes are shared between 2 arrays, 1 for each 
ear. Electrodes 1 and 2 are the most basal, and elec- 
trodes 14 and 15 are the most apical. The odd-num- 
bered electrodes (1, 3, 5, 7, 9, 11, 13, and 15) are 
distributed in the right array, and the even-numbered 
electrodes (2, 4, 6, 8, 10, 12, and 14) in the left array. 
The whole system is driven by 1 single speech pro- 
cessor, which allows both sides to be activated simul- 
taneously. On each side, the stimulation mode used 
is the "common ground" mode, in which 1 electrode 
at a time is activated, all the others being grounded. 


Both patients underwent bilateral 1-step surgery, 
with full insertion of electrode arrays into the scala 
tympani. The insertion was symmetric (Fig 1). At 2 
months after surgery, each patient had fully active 
electrode arrays on both sides. 


EABR Recordings. The EABRs were recorded be- 
tween a positive silver-silver chloride electrode cen- 
trally placed on the forehead and a negative one po- 
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Fig 1. (Subject 1) Radiologic images show symmetrically placed electrode arrays in scala tympani (black arrows). Receiver is 
positioned on right side (white arrow). 


sitioned under the chin. A further electrode attached 
to the forehead served as a ground. 

Electrical stimuli were generated by the manufac- 
turer's interface device (Digistim system, MXM Lab- 
oratory) connected to a computer via a serial port. 
This system also triggered the evoked-potential mea- 
surement device (Centor system, Racia-Alvar, Bor- 
deaux, France). In both subjects, EABRs were mea- 
sured in response to stimuli in 3 bilateral pairs of 
electrodes: | basal (pair 2-3), 1 midrange (pair 8-9), 
and | apical (pair 12-13). A pair consisted of elec- 


trodes positioned symmetrically, each in one cochlea. 
For each pair of electrodes, a comparison was made 
between EABRs obtained from either side. 


The programming setup used arbitrary units rather 
than pulse-duration units to represent stimulus lev- 
els. The EABRs were obtained for each tested elec- 
trode at a stimulation level corresponding to 7096 of 
the dynamic range defined during the implant fitting 
session. The stimulation rate was set at 54 Hz. 


The responses were filtered with a 1.6- to 1,600- 
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Fig 3. (Subject 1) Pure tone audiogram obtained 1 month before bilateral implantation. 


Hz analog bandpass filter and with the amplifier sen- 
sitivity set to 100 LV. An analysis time of 10 ms was 
used with a sampling rate of 25 kHz. For each tested 
electrode, the initial averaging process involved 1,000 
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Fig 4. (Subject 1) EABRs obtained at postoperative in- 
terval of 3 months for tested apical (12-13), midrange 
(8-9), and basal (2-3) electrodes. For each pair of elec- 
trodes, upper curve corresponds to recordings from ear 
with shorter deafness duration. 


sweeps. To verify the reproducibility of the EABR 
peaks obtained, we collected 3 averages of 1,000 
sweeps per stimulus configuration. The 3 blocks were 
then summed and averaged to provide the mean trace. 
The wave latencies were determined from an algo- 
rithm based on the detection of peaks and inflection 
points in the first derivative of the signal. According 
to this algorithm, adapted from Gabriel et al,^ detec- 
tion of zero crossings in the second derivative of the 
averaged potentials can be used to identify waves III 
and V in EABR recordings. The wave latencies mea- 
sured on the mean traces were used for comparison 


between ears. Figure 2 shows typical EABR record- 


ings obtained by this method. Further details about 
the EABR recording and processing methods may 
be found in previous articles by our team.?5:ó 


CASE REPORTS 


Case 1. A 52-year-old man had developed progres- 
sive degenerative hearing loss resulting in profound 
right-sided deafness when he was 12 years old. His 
left-side hearing began to fail when he was a young 
adult. At the age of 45 years, the deterioration in his 
hearing function led to a severe left-sided deafness, 
and he lost the ability to communicate at conversa- 
tional levels. He was consequently fitted with left 
ear amplification. The left auditory performance con- 
tinued to deteriorate afterward, especially during the 
year that led up.to binaural implantation, resulting 
in bilateral profound deafness (Fig 3). Thus, the du- 
ration of profound deafness, AtD, could be estimated 
as 40 years for the right ear and as 1 year for the left. 


The EABRs were recorded at 3 and 6 months after 
surgery. Measurements from electrodes with sym- 
metric intracochlear locations (2-3, 8-9, and 12-13) 
were paired. Figure 4 shows the patient's EABRs - 
obtained 3 months after surgery in apical, midrange, 
and basal pairs. Each curve represents the result of 
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ELECTRICALLY EVOKED AUDITORY BRAIN STEM RESPONSE WAVE LATENCIES 


Pair of Interval 
Tested of Testing Odd Electrode 
Electrodes (mo) LIII LV 
Subject 1 
Apical 3 2.17 4.17 
Apical 6 1.88 4.75 
Midrange 3 2.36 4.51 
Midrange 6 2.24 4.30 
Basal 3 2.08 3.99 
Basal 6 2.35 4.15 
Mean + SD 2.18 + 0.18 4.31 X: 0.28 
Subject 2 
Apical 6 No wave III 5.24 
Apical 9 2.80 5.40 
Midrange 6 No wave III 5.56 
Midrange 9 No wave III 5.56 
Mean + SD 5.44 € 0.15 


Interaural Shift in 
Even Electrode Wave Latencies (ms) 
LIII LV dLIII dLV 
1.98 3.90 0.19 0.26 
2.05 4.3] —0.17 0.44 
2.29 3.96 0.07 0.54 
2.09 3.79 0.14 0.50 
2.31 3.56 —0.22 0.44 
2.27 3.72 0.07 0.42 
2.17 € 0.14 3.88 + 0.26 0.01 € 0.17 0.44 + 0.09 
2.05 3.95 1.29 
2.04 4.24 0.76 1.16 
1.96 3.76 1.80 
2.12 3.96 1.60 
2.04 + 0.07 3.98 + 0.20 1.46 + 0.29 


Data are in milliseconds. 


filtering and summing 3 blocks of 1,000 sweeps. The 
upper curve corresponds to EABRs elicited from the 
left ear, which had experienced a shorter AtD. The 
lower curve corresponds to recordings from the right 
ear. 


Waves III and V could easily be identified for each 
pair of electrodes. Measurements made 6 months 
after implantation revealed similar patterns for the 3 
pairs. | 


The Table contains EABR wave III and V latencies 
obtained in case 1, with mean values and standard 
deviations. The interaural shift in wave latencies was 
computed for each bilateral pair of electrodes. Com- 
parison between right- and left-sideelectrodes showed 
no noticeable difference in wave III latency, but a 
remarkable difference in wave V latency. Whatever 
the pair of tested electrodes and the test time, wave 
V was delayed in the ear with the greater AtD. 


Case 2. A 35-year-old man had been operated on 
for a left cholesteatoma at the age of 6 years. His 
left-side hearing was moderately impaired at that 
time. He became profoundly deaf on the right side 
when he was 10 years old, as a result of meningitis 
(Fig 5). When he was 15 years old, a decision was 
made to correct his moderate left-sided hearing loss 
with a conventional hearing aid. In 1984, he suddenly 
lost his residual left hearing function. At the time of 
surgery, he had been profoundly deaf on the right 
side for 25 years, and on the left side for 15 years. 
The electrophysiological measurements were per- 
formed at 6 and 9 months after surgery. 


At both testing times, reproducible evoked poten- 
tials could be elicited in pairs 8-9 and 12-13, but not 
in pair 2-3. Figure 6 shows EABRs obtained in the 


apical and midrange pairs at the postoperative interval 
of 9 months, the upper curve corresponding to the 
even electrode (left ear) and the lower to the odd one 
(right ear). There was no abnormality in EABR wave 
shape when we tested the even electrodes. The results 
were quite different for the odd ones, located on the 
side with the longer AtD. Here, wave V could also be 
identified. However, there was a lack of reproducibil- 
ity of wave II when we tested electrode 13 at 6 months 
after surgery and when we tested electrode 9 at 6 
and 9 months. 


The wave latencies are presented in the Table, with 
the corresponding interaural shifts in wave V latency. 
The wave V latency was prolonged on all tests in the 
ear in which the AtD was greater. 


DISCUSSION 


This report is, to our knowledge, the first to inves- 
tigate electrophysiological outcomes in patients with 
bilateral implants controlled by a single processor. It 
studies the characteristics of EABRs in 2 patients in 
which AtD differed from one ear to the other. For 
each patient, the EABR characteristics varied be- 
tween the two ears, depending on the AtD. Good- 
quality EABR recordings could be obtained on the 
side with the shorter AtD. On this side, the EABR 
wave shapes and latencies were similar to those usu- 
ally obtained in monaural cochlear implant patients, 
whether with the Digisonic system? or with other 
cochlear implants.9-1! Note that the wave V latency 
was lengthened on the side with the greater AtD. 


The AtD in postlinguistically deaf adult cochlear 
implant patients is thought to be a major predictive 
factor of cochlear implantation outcome.17-1? How- 
ever, no direct relationship has yet been demonstrated 
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Fig 5. (Subject 2) Pure tone audiograms performed in A) 1983, B) 1984, and C) 1999. 


in humans between AtD and EABR characteristics. 
What has been demonstrated is the influence of the 
AtD on neural survival in mammalian brain stem au- 
ditory nuclei.!617 Several results in the literature sup- 
port the notion that neural survival might be reflected 
in the growth of EABRs.!8-29 Histologic examina- 
tions of human temporal bones have revealed that 


spiral ganglion cell counts are lower in old than in 
young deaf subjects and are inversely related to Atp.?! 
Furthermore, EABR thresholds are elevated in cats 
with extensive acoustic nerve damage.** Studies con- 
ducted in animals have also shown that long-term 
profound deafness can decrease the inferior colliculus 
response to electrical stimulation of the cochlea.2? 
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Fig 6. (Subject 2) EABRs obtained at postoperative in- 

terval of 9 months for apical (12-13) and midrange (8-9) 


electrodes. Upper curves correspond to recordings from 
ear with shorter deafness duration, ie, left ear. 


Taken together, these findings suggest that EABR 
alterations reflect the effect of the AtD on neural re- 
sponse properties in the peripheral and intermediate 
auditory system. 


To date, changes in auditory pathway activation in- 
duced by prolonged deafness, as assessed by EABRs, 
have only been supported by interindividual differ- 
ences in trace quality. Bilateral cochlear implantation 
provides an interesting model for studying the effects 
of the AtD on brain stem auditory pathway activation 
within the same subject. 


In the cases reported here, there was an interaural 





shift in wave V latency. In 1 case, wave III was not 
reproducible on the side with the greater AtD. One 
interpretation would be that damage to auditory struc- 
tures is likely to worsen with time, and may therefore 
differ from one side to the other in the same subject. 
The absence of a noticeable shift in wave III latency 
underlines the fact that wave V more accurately re- 
flects any change in brain stem auditory pathway ac- 
tivation. 


The observed results could also be linked to dif- 
ferences in the cause of deafness between the two 
ears. Spiral ganglion cell populations in ears with 
sudden deafness are larger than those in ears deaf- 
ened by infectious labyrinthitis or genetic or congeni- 
tal causes.21?4 This difference could account for some 
of the interaural difference in EABR characteristics 
Observed in case 2. However, in case 1, the cause of 
deafness was the same for both ears, and therefore 
cannot account for the interaural EABR differences. 


In these 2 cases, suppose that the differences in 
EABR are mainly due to asymmetric AtD. Then, does 
a poor EABR on one ear result from the total AtD in 
this ear, or does it result from the length of time for 
which it was the patient's only profoundly deaf ear? 
One may hypothesize that neural transmission on a 
deaf side deteriorates over time, not only because of 
a lack of activation, but also because of compensa- 
tion by the other ear. This last hypothesis would need 
to be further investigated in large studies of bilateral 
cochlear implant patients with both 1) a wide range 
in the time interval, AtD, from the onset of profound 
deafness and 2) asymmetry in the duration of pro- 
found deafness for the left and right ears. Should such 
studies accompany the growing use of bilateral co- 
chlear implantation, they would help in selecting the 
most appropriate candidates for this kind of proce- 
dure. 
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In patients with laryngeal carcinoma, nodal metastasis, recurrence after radiotherapy, and prognosis are important factors in 
clinical decision-making. Parameters such as tumor stage are considered insufficient for predicting these important items. The DNA 
ploidy status of the tumor may be a useful additional marker. The DNA ploidy status of 38 laryngeal cancers was determined by flow 
cytometry. Correlations were studied with TNM stage, differentiation, survival rate, relapse risk, recurrence after radiotherapy, and 
nodal metastasis. A positive correlation of DNA ploidy status with the development of lymph node metastases was found for diploid 
and peridiploid versus aneuploid tumors (DNA index, «1.4 versus 21.4; p = .007). No correlation was found between ploidy status 
and recurrence after radiotherapy. The overall survival rate (p = .01), but not the disease-specific survival rate or the relapse risk, 
showed a correlation with the ploidy status. The DNA ploidy status may be a useful] marker for metastatic behavior in head and neck 
squamous cell carcinoma and may therefore be helpful in decision-making concerning elective treatment of the neck. 


KEY WORDS — flow cytometry, larynx, metastasis, ploidy status, squamous cell carcinoma. 


INTRODUCTION 


Metastatic behavior and recurrence after radiother- 
apy are important issues in making decisions on the 
treatment of patients with head and neck squamous 
cell carcinoma (HNSCC). But patients and their tu- 
mors, even of similar stage, are heterogeneous. Tu- 
mors may show a wide range of characteristics con- 
cerning growth, metastatic behavior, response to dif- 
ferent treatments, and prognosis. If patients could be 
better selected for the appropriate treatments, the out- 
come might be improved. In patients with HNSCC, 
choices of treatment are currently mainly based on 
TNM stage. But TNM staging cannot predict the be- 
havior of individual tumors, and there are no tools to 
predict this behavior more reliably. So, a need is felt 
for additional parameters. ! 


The potential clinical relevance of finding markers 
for lymph node metastasis is considerable. Regional 
metastasis is an important factor in the treatment and 
prognosis of patients with HNSCC, but the accuracy 
of current diagnostic methods to detect these metas- 
tases is insufficient. For the detection of metastases 
by palpation or imaging techniques, a minimum size 
of these metastases is required. Therefore, small and 
only microscopically detectable metastatic deposits 
will not be recognized, and uncertainty about the true 


lymph node status of the neck will remain. Even ul- 
trasound-guided fine-needle aspiration biopsy, the 
most accurate technique to detect lymph node metas- 
tases to date, identifies clinically occult metastases 
with a sensitivity of no more than 48% to 7696.1? 
Because of the high false-negative rates, most head 
and neck oncologists will electively treat the neck of 
patients with tumors with a presumed high propen- 
sity to metastasize. Consequently, many patients will 
receive an unnecessary treatment for their neck, with 
concomitant risk of mortality and morbidity.>-4 If the 
probability of regional metastases can be reduced, 
the number of elective neck treatments can also be 
diminished.5 


Some tumors respond favorably to radiotherapy, 
and others do not. These latter cases should perhaps 


-be treated with initial surgery, eg, laser surgery, or 


should be monitored more carefully after irradiation. 
Although, in the literature, factors have been de- 
scribed that may supply information, there are no 


reliable criteria available to predict recurrence after 


radiotherapy to date. 


Chromosomal changes and histologic features of 
tumors can provide valuable information concerning 
the probability of nodal metastasis” or recurrence 
after radiotherapy in HNSCC.*-!! However, the re- 
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TABLE 1. POPULATION CHARACTERISTICS OF 38 


PATIENTS WITH HNSCC 

Level 

Glottic 27 

Supraglottic 8 

Both or transglottic l 3 
Primary treatment 

Surgery and radiotherapy 12 

Radiotherapy alone 26 
T stage 

1 ; 13 

2 13 

3 10 

4 2 
N status 

Positive 9 

Negative 29 
Sex 

Male 33 

Female 5 
Age (y) 

Mean 60.2 

Range 12-81 


HNSCC — head and neck squamous cell carcinoma. 


sults of different studies are often conflicting, and 
no marker in particular has yet been established for 
clinical use. The above-mentioned and other applica- 
tions of biomarkers, like cancer development risk and 
relapse risk assessment, were reviewed by Oh and 
Mao.? Despite the fact that the molecular mecha- 
nisms of carcinogenesis are not yet fully understood, 
biomarkers may help to select patients for certain 
treatments, eg, elective neck treatment. If, in addi- 
tion to imaging techniques, biomarkers can further 
predict the probability of nodal metastasis, it may be 
decided not to treat the neck electively. 


The ploidy status of tumors reflects the DNA con- 
tent of the tumor cells. Aneuploidy is the result of 
failing mitotic checkpoints.!? According to the litera- 
ture, the ploidy status of tumors may be a useful bio- 
marker and may prove helpful in the above-men- 
tioned clinical decision-making process in patients 
with HNSCC.1423 


We studied the correlation of ploidy status with the 
development of regional metastasis, recurrence rates 
after radiotherapy, and survival rates in 38 patients 
with laryngeal carcinoma with a follow-up of at least 
10 years. 


MATERIALS AND METHODS 


Paraffin-embedded pretreatment biopsy material | 


of 38 patients who presented with laryngeal carcino- 
ma in the period 1973 to 1982 at Leiden University 
Medical Center was used. The population characteris- 


tics are shown in Table 1. The patients were all treated 
with either initial radiotherapy or surgery (total laryn- 
gectomy) and radiotherapy. Follow-up was at least 
10 years. The patients in the lymph node-positive 
group had histologically proven lymph node metas- 
tases either initially or in the follow-up (regional re- 
currence). The patients in the lymph node-negative 
group had no detectable metastases, either initially 
or in the follow-up period. 


Flow Cytometry. Cell preparation and staining pro- 
cedures have been described elsewhere.2* The pep- 
sin-digestion technique (0.5% pepsin in saline solu- 
tion, pH 1.5 for 30 minutes) was used to release nuclei 
from 40- to 45-um-thick sections of paraffin-em- 
bedded tissue specimens, and they were stained with 
propidium iodide. The DNA content was determined 
with a FACScan flow cytometer (Becton and Dick- 
inson, Mountain View, California). On average, about 
10,000 cells were measured in each sample. Tumors 
with a DNA index of more than 1.00 were classified 
as aneuploid. To discriminate between diploid or peri- 
diploid tumors and tumors with more severe aneu- 
ploidy that probably arose via polyploidization, a cut- 
off point of 1.4 was also made. The cutoff of 1.4 was 
used to discriminate between near-diploid and hypo- 
tetraploid tumors and represents the minimum in the 
bimodal DNA index frequency that is a well-docu- 
mented finding in breast cancer. This distribution is 
suggested to be a reflection of different mechanisms 
of ploidy evolution.” 


Statistical Analysis. We investigated the correlation 
between DNA ploidy status, T stage, and nodal status 
with overall and disease-specific survival rates and 
relapse risk using Cox regression analysis. Actuarial 
survival plots were calculated according to the Kap- 
lan-Meier method. The date of treatment was taken 
as the starting point for this analysis. The overall sur- 
vival rate was calculated by counting as dead all pa- 
tients who died irrespective of the cause, and the dis- 
ease-specific survival rate was calculated by counting 
as dead all patients who died of their laryngeal cancer. 
The relationship between DNA ploidy status and 
stage, differentiation, recurrence after radiotherapy, 
and lymph node metastases was tested with the X? . 
test. Correlations or differences with a p value of less 
than .05 were considered statistically significant. 


RESULTS 
The DNA index ranged from 1.0 to 2.78. The DNA 


. index frequency distribution is shown in Fig 1. The 


coefficient of variation (SD) was 7.1 £3.03. Of the 
38 investigated cases, 23 (61%) were aneuploid if 
only tumors with a DNA index of 1.00 are considered 
as diploid. If the diploid and peridiploid tumors are 
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Frequency 





0.8 1.01.2 1.4 1.6 1.8 2.0 2.2 2.4 26 2.8 3.0 


DNA index 


Fig 1. DNA index frequency distribution of 38 cases of 
laryngeal carcinoma. 


taken together, 18 of the cases (47%) were aneuploid. 


With 1.4 as a cutoff point, a significant correla- 
tion of ploidy status with lymph node metastases was 
found (p = .007). In the diploid-peridiploid group, | 
of 20 patients (596) had lymph node metastases, 
whereas in the aneuploid group, 10 of 18 of the pa- 
tients (56%) had metastases. With the cutoff point at 
1.0, the correlation was nearly significant (p = .06; 
Table 2). 


In the 26 patients treated with primary radiother- 
apy, no correlation was found between ploidy status 
and recurrence after radiotherapy with either of the 
cutoff points (p = .69 for 1.0 and p = 1.00 for 1.4). 


The DNA ploidy status of the tumors was not re- 
lated to the T stage (p = .67 for 1.0 and p = .51 for 
1.4) or overall UICC TNM stage grouping (p = .36 


for 1.0 and p = .23 for 1.4). When diploid and peri- 
diploid tumors were set against aneuploid tumors 
(cutoff point of 1.4), a correlation was found with 
the differentiation of the tumor (p = .03). 


Table 3 summarizes the influence of aneuploidy 
(diploid or peridiploid versus aneuploid), T stage, and 
nodal status on survival rate, disease-specific survi- 
val rate, and relapse risk. As is shown by the Cox 
regression multivariate analysis, aneuploidy has a 
significant prognostic influence on overall survival 
rate (hazard ratio, 3.47; p = .01), independent of T 
stage, nodal status, differentiation, or age. In the aneu- 
ploid group, survival rate was significantly worse 
than in the diploid-peridiploid group. The results with 
diploid versus peridiploid and aneuploid tumors 
showed a similar difference in survival rate (hazard 
ratio, 2.89; p = .03). T stage (T1 versus T2-T4; p = 
.20) did not correlate with overall survival rate, and 
neither did nodal status (p = .79). For disease-spe- 
cific survival rate and relapse risk, none of the inves- 
tigated variables was significant. For disease-specific 
survival rate, T stage came nearest to significance. 


Figure 2 gives the Kaplan-Meier plot for the influ- 
ence of aneuploidy (diploid or peridiploid versus 
aneuploid) on overall and disease-specific survival 
rates. 


Additional analysis of our data showed that in the 
diploid group, of the 6 patients who died, 2 died of 
intercurrent disease. In the aneuploid group, 12 of 
the 17 deaths were of intercurrent disease. Thus, in 


TABLE 2. RELATIONSHIP BETWEEN PLOIDY STATUS AND DEVELOPMENT OF LYMPH NODE METASTASES, 
RECURRENCE AFTER RADIOTHERAPY, T STAGE, AND OVERALL STAGE GROUPING ACCORDING TO UICC 
CATEGORIES FOR TWO CUTOFF POINTS OF DNA INDEX, 1.0 AND 1.4 





Cutoff at 1.0 Cutoff at 1.4 
Diploid Aneuploid p Diploid Aneuploid p 

Differentiation .16 03 

Poor 0 2 0 2 

Moderate 7 15 9 13 

Well 8 6 11 3 
N- 14 15 06 19 10 007 
N+ l 8 l 8 
No recurrence 6 9 .69 9 7 1.00 
Recurrence 6 5 7 4 
TI 6 7 .67 9 4 54 
12 5 8 6 " 
T3 4 6 4 6 
T4 0 2 l l 
I 6 6 .36 9 3 23 
Il 5 7 6 6 
IH 4 6 4 6 
IV 0 4 l 3 
UICC — Union Internationale Contre le Cancer, N- — no lymph node metastasis; N+ — lymph node metastasis. 


UICC staging categories: stage I is TINOMO; stage II is T2NOMO; stage III is TINOMO, TINIMO, T2N1MO, or T3N1MO; and stage IV is T4NO- 


1MO, T-N2-3MQ, or T+N+M1. 
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TABLE 3. INFLUENCE OF ANEUPLOIDY (DIPLOID OR PERIDIPLOID VERSUS ANEUPLOID), T STAGE, AND 
NODAL STATUS ON SURVIVAL RATE, DISEASE-SPECIFIC SURVIVAL RATE, AND RELAPSE IE BY 


COX REGRESSION ANALYSIS 
N Overall Survival (23 Events) Disease-Specific Survival (9 Events) Relapse Risk (14 Events) 
Aneuploidy «1.4 20 1.00 1.00 1.00 
21.4 18 3.47 (1.35-8.92) 1.55 (0.35-6.86) 0.93 (0.28-3.10) 
p=.01 p=.57 p= .90 
T 1 13 1.00 1.00 | 1.00 
2-4 25 1.87 (0.71-4.90) 6.05 (0.74-49.5) 1.14 (0.37-3.52) 
p-.20 p=.09 p= .82 
N pN- 29 1.00 1.00 1.00 
pN+ 9 0.87 (0.31-2.43) 1.60 (0.32-7.92) 1.80 (0.48-6.84) 
p=.79 p=.56 p=.38 


Data are hazard ratios, with 95% confidence intervals in parentheses. 


the aneuploid group, more patients died of intercur- 
rent disease. Age correlated with ploidy status nearly 
significantly (p = .08, t-test). The average age in the 
diploid group was 55.7 years, versus 63.1 years in 
the aneuploid group. For diploid and peridiploid ver- 
sus aneuploid tumors, this difference was less pro- 
nounced (p=.18, t-test). Thus, there is a trend of more 
aneuploid tumors at a higher age. However, in Cox 
regression multivariate analysis, ploidy status had 
prognostic significance independent of age. 


DISCUSSION 
In this study, the ploidy status of laryngeal cancers 





0 24 48 72 96 120 144 168 192 216 240 


correlated with the development of nodal metastasis, 
but not with recurrence after radiotherapy. Moreover, 
it showed a correlation with overall survival rate, but 
not with disease-specific survival rate or relapse risk. 


In recent reports on DNA ploidy status in HNSCC, 
correlations have been studied with clinical param- 
eters such as stage and metastasis. In studies of 
HNSCC of different sites, a correlation with stage or 
nodal metastasis was found in some studies, !®25 but 
in other studies, this correlation could not be estab- 
lished.26?7 A correlation with lymph node metastasis 
in carcinomas of the oral cavity was found by several 


Fig 2. Kaplan-Meier plots of A) overall survival rate, B) disease- 
specific survival rate, and C) relapse risk for ploidy status with 


‘1.4 as cutoff point (log rank test). DI — DNA index. 





Months 


Months 
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authors, !5,17,19,20,22 although others found only a weak 
correlation.? As did we, Wolf et al!® found a higher 
rate of lymph node metastases in aneuploid laryngeal 
carcinomas. So, both in our study and in the literature, 
DNA ploidy appears to correlate with nodal metasta- 
sis. 


DNA ploidy may be a useful biomarker for the 
development of lymph node metastasis, as a single 
marker or in combination with other relevant param- 
eters and diagnostic techniques. Such a combination 
of relevant factors may achieve even higher reliabil- 
ity in detecting or predicting lymph node metasta- 
ses.97 In cases with no clinically or radiologically 
detectable nodal metastases, a further lowered prob- 
ability of micrometastases based on markers like DNA 
ploidy could support a decision not to perform elec- 
tive neck treatment.? 


A correlation of DNA aneuploidy with a higher risk 
of local recurrence after radiotherapy has been de- 
scribed in glottic carcinoma.?! We did not find a cor- 
relation between ploidy status and recurrence after 
irradiation. This result is consistent with the results 
of Pekkola-Heino et al,28 who did not find an associa- 
tion of ploidy status with radiosensitivity in HNSCC 
cell lines. Other markers, in particular p53 and bcl- 
2, have also been studied in this respect, but with con- 
flicting results.8-1129-3! For example, in some studies, 
nuclear accumulation of p53 did not appear to be a 
significant predictor for control with radiotherapy in 
laryngeal carcinomas1090 or HNSCC in general?! 
Other studies did find a correlation between nuclear 
accumulation or mutation of p53 and recurrence after 
radiotherapy in HNSCC patients,5.152 whereas muta- 
tions of p53 in oral cavity cell lines appear to render 
the tumor cells more radiosensitive.!Ü Expression of 
bcl-2 in HNSCC was demonstrated to give better lo- 
cal contro] after accelerated radiotherapy.? In conclu- 
sion, the results of studies of markers for predicting 
recurrence after radiotherapy are conflicting, and it 
is therefore unlikely that they will play a role in clin- 


ical decision-making in the near future. 


Numerous markers have been studied for their 
prognostic significance. For DNA ploidy status, the 
results are again conflicting. Some authors did not 
find a statistically significant correlation with prog- 
nosis in HNSCC? or squamous cell carcinoma of the 
oral tongue,?? supraglottic larynx,>4 or pyriform si- 
nus.2? Others did find a correlation with both relapse- 
free and/or overall survival rate in HNSCC.14:2556 
In laryngeal carcinomas, a correlation with relapse- 
free survival rate has also been described.!8 


In our material, we found a correlation with over- 
all survival rate, but not to disease-specific survival 
rate. This outcome may seem difficult to explain. 
However, the distinction between the two types of 
survival rate is not always clear in practice. Often, 
factors related to the treatment of the disease, eg, 
extensive surgery, may lead to death. Also, if the con- 
dition of the patient deteriorates because of progres- 
sion of the disease, the probability of death by inter- 
current diseases may increase as well. We observed 
atrend toward a high frequency of aneuploid tumors 
at a higher age. The correlation between ploidy status 
and overall survival rate therefore may be influenced 
by the fact that aneuploidy is associated with higher 
age, resulting in a higher chance of dying of inter- 
current diseases. So, it seems that the ploidy status 
of the tumor does not have a direct prognostic signifi- 
cance in our study. 

CONCLUSIONS 


The DNA ploidy status appears to be correlated 
with lymph node metastasis and overall survival rate, 
but not with disease-specific survival rate or relapse 
risk, in laryngeal carcinomas. It may be useful in clin- 
ical decision-making concerning the treatment of the 
neck. Although, even as a single marker, it shows a 
significant correlation with lymph node metastases, 
the reliability of predicting lymph node metastases 
may be improved by using it in addition to other rele- 
vant parameters and imaging techniques. 
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INCIDENCE OF COCHLEAR INVOLVEMENT IN 
HYPERBILIRUBINEMIC DEAFNESS 
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Neonatal hyperbilirubinemia remains an important cause of childhood deafness, especially in developing countries. After neona- 
tal hyperbilirubinemia, the auditory neural pathways, cochlea, or both may be affected. In this study, we aimed to determine the 
incidence of cochlear impairment and the appropriate means of hearing screening in hyperbilirubinemic neonates. A retrospective 
review of 1,032 pediatric patients with hearing loss revealed 67 cases (6.5%) of severe hyperbilirubinemia in the neonatal period. 
Thirty of these patients had neonatal hyperbilirubinemia as the single identifiable risk factor for hearing loss. In 26 of 30 cases 
(87%), otoacoustic emissions (OAEs) were absent, whereas in the remaining 4 cases (13%), robust emissions were detected despite 
an absent auditory brain stem response (ABR). Auditory screening of newborns with jaundice by OAEs possesses a significant risk 
of undiagnosed deafness. On the other hand, if the ABR is used as the single means of screening, auditory neuropathic conditions will 
probably be underlooked. Therefore, we recommend dual screening of hearing by ABR and OAEs in hyperbilirubinemic newborns. 


KEY WORDS — auditory brain stem response, auditory neuropathy, deafness, neonatal hyperbilirubinemia, otoacoustic emis- 


sions. 


INTRODUCTION 


Hearing loss as a complication of bilirubin enceph- 
- alopathy first received attention in the mid-1900s,! 
and since then, neonatal hyperbilirubinemia has been 
accepted as one of the main risk factors in childhood 
deafness. Unconjugated bilirubin readily crosses the 
blood-brain barrier in the neonatal period and can 
precipitate in different structures in the central ner- 
vous system and probably in the inner ear, which is 
on the same side of the barrier as the brain. 


The nature and the location of the hearing loss 
caused by neonatal hyperbilirubinemia are still con- 
troversial, and researchers have pointed to different 
levels of the auditory pathway as the source of im- 
pairment. Morphological observations have sug- 
gested that the auditory impairment could be situ- 
ated in neural pathways, in the cochlea, or in both. 
Some histopathologic studies of the ears of kernic- 
teric neonates demonstrated the inner ears to be nor- 
mal, whereas others showed severe damage in the 
cochlea.23 Anatomic studies of the central nervous 
system of kernicteric patients showed damage in the 
inferior colliculus and dorsal and ventral cochlear 
nuclei.2:45 


With the development of auditory. brain stem re- 
sponse (ABR) testing and, later, otoacoustic emis- 
sion (OAE) testing, researchers have focused on iden- 
tifying the lesion site functionally. Chisin et alf were 
the first researchers who attempted: to localize the 


auditory system lesion electrophysiologically. In their 
study, they found that a neural response from the au- 
ditory nerve was absent in 11 of 13 patients and was 
present only in response to high-intensity stimuli in 
the other 2 patients. In the majority of cases, a co- 
chlear microphonic potential representing hair cell 
activity was present. Later, Perlman et al? found ab- 
errations of the ABR and prolonged brain stem trans- 
mission time in infants with jaundice who had se- 
rum bilirubin levels between 15 and 25 mg/dL. The 
discovery of practical methods for OAE measure- 
ment has made direct assessment of outer hair cell 
activity possible. This audiometric tool led to the iden- 
tification of a distinctive hearing disorder in hyper- 
bilirubinemic infants in the last decade of the 20th 
century.5-10 In 3 studies on OAE measurements, a to- 
tal of 6 cases of hearing loss due to bilirubin toxicity 
were reported, and in all of these cases, OAEs were 
present despite the absence of an ABR.8-10 However, 
Sheykholeslami and Kaga!! reported the absence of 
OAEs in 3 cases of hyperbilirubinemic deafness. 


All of these research efforts make clear that after 
neonatal hyperbilirubinemia, the auditory neural path- 
ways or the cochlea or both may be affected. How- 
ever, the incidence of cochlear sparing in neonatal 
hyperbilirubinemia is still vague in the literature. The 
number of cases investigated with OAEs is currently 
limited and is far from clarifying the incidence of 
pure retrocochlear involvement. The objective of this 
study was to determine the incidence of cochlear im- 
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pairment in a relatively large group of patients with 
the single risk factor of neonatal hyperbilirubinemia. 


MATERIAL AND METHODS 


A retrospective review of 1,032 pediatric patients 
with hearing loss followed at the Istanbul School of 
Medicine Center for Deaf Children revealed that 67 
patients (6.5%) had severe hyperbilirubinemia in the 
neonatal period. Thirty of these 67 patients had neo- 
natal hyperbilirubinemia as the single risk factor for 
the sensorineural hearing loss. All of the subjects ful- 
filled the following criteria: 1) history of severe hy- 
perbilirubinemia in the neonatal period; 2) uncompli- 
cated pregnancy and perinatal period; 3) normal fe- 
tal growth and absence of congenital abnormalities; 
and 4) absence of parental consanguinity or family 
history of deafness. 


The patients were enrolled for this study by tele- 
phone call. Seventeen of them were girls, and 13 were 
boys. The mean (+SD) age was 32 + 9.3 months. The 
mean gestational age was 38.2 + 1.1 weeks, and the 
mean birth weight was 3,044 + 24.9 g. The causes of 
neonatal hyperbilirubinemia were Rh incompatibil- 
ity in 11, unknown in 11, and ABO blood group in- 
compatibility in 8. The mean peak serum bilirubin 
level was 24.4 + 8.8 mg/dL in the neonatal period. 


Otoscopic examination and tympanometry were 
performed in all subjects. Auditory brain stem re- 
sponses were investigated with click stimuli in alter- 
nating polarity. Active electrodes were attached to 
the ipsilateral mastoid region, and the reference elec- 
trode was attached to the vertex. Both ears were tested 
independently by earphones in order to estimate hear- 
ing thresholds. A Celesta 503 Cochlear Emissions 
. Analyzer (Madsen Electronics, Taastrup, Denmark) 
was used to test distortion product OAEs (DPOAEs). 
The f1- and f2-stimulating frequencies were presented 
at 70 dB sound pressure level (SPL) simultaneously. 
The f2/f1 ratio was kept at 1.22, and the 2f1 — f2 
DPOAESs were recorded at geometric center frequen- 
cies 0.75, 1, 1.5, 2, 3, 4, 6, and 8 kHz and displayed 
as a DP-gram. The DPOAEs were considered to be 
present if they were at least 6 dB greater than the 
noise floor. Both ABR and DPOAE recordings were 
performed in a silent room with the patients asleep. 


RESULTS 


In 30 cases of sensorineural hearing loss, the im- 
pairment was bilateral in 28 and unilateral in the re- 
maining 2. The hearing loss was found to be pro- 
found (290 dB HL) in 20 cases, severe (70 to 90 dB 
HL) in 6 cases, and mild to moderate («60 dB) in 4 
cases. No discernible waveform was seen at ABR 
. testing of the 20 subjects with profound hearing loss. 


In the 6 patients with severe hearing loss, the abso- 
lute latencies of wave I and wave V were increased 
and J-V interwave latencies were preserved, while 
in the 4 patients with mild to moderate hearing loss, 
the absolute and interwave latencies were normal on 
ABR testing. 


Before OAE measurement, the otoscopic and tym- 
panometric findings were normal in all cases. Dis- 
tortion product OAEs were absent at all test frequen- 
cies (750 Hz to 8 kHz) in 26 of the 30 cases (87%). 
Among these 26 cases, 2 patients had unilateral hear- 
ing loss, and DPOAESs were absent on the deaf side. 
Robust emissions were detected in 3 of the remain- 
ing 4 cases, whereas in 1 case, DPOAEs were absent 
at the higher frequencies (3 to 8 kHz). In these 4 
cases with normal DPOAEs (Fig 1), no discernible 
waveform was detected to a maximum click stimu- 
lus on the ABR test (Fig 2). 


DISCUSSION 


The incidence of deafness due to neonatal hyper- 
bilirubinemia has been decreased by improved peri- 
natal care and by the use of treatments such as anti- 
D antibody, phototherapy, and exchange transfusions. 
However, neonatal hyperbilirubinemia still remains 
an important cause of childhood deafness in develop- 
ing countries. According to our series, in 6.5% of all 
children with deafness, severe neonatal hyperbiliru- 
binemia can be found as a contributing factor. 


Unconjugated bilirubin with elevated serum lev- 
els readily crosses the blood-brain barrier and accu- 
mulates in neural structures and in the inner ear, as 
well. The location of hyperbilirubinemic deafness is 
still controversial; the inner ear, auditory nerve, and 
brain stem may all be involved sites. Several human 
and animal studies have appeared in the literature to 
support each possible site of involvement. Anatomic 
studies in Gunn rats with deficient liver enzymes 
showed the cochlear nucleus and inferior colliculus 
as the sites of involvement.*!2 Some human studies 
demonstrated destruction of ventral and dorsal co- 
chlear nuclei, while others found inner ear destruc- 
tion without central nervous system pathology.5.? 
Electrophysiological investigations of the auditory 
neural pathways strongly support a neural cause in 
deafness due to neonatal hyperbilirubinemia. Chisin 
et al® found absence of a neural response from the 
auditory nerve in 11 of 13 patients, and in the major- 
ity of cases, cochlear microphonic potentials were 
present. Subsequently, Perlman et al? reported pro- 
longed brain stem transmission times in infants with 
jaundice. 


Otoacoustic emissions are believed to originate 
from the active mechanical forces generated by the 
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Fig 1. Distortion product otoacoustic 
emissions of patient with pure post- 
synaptic deafness. Robust emissions 
were detected in both ears despite ab- 
sence of auditory brain stem response 
(Fig 2). A) Right ear. B) Left ear. 
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outer hair cells, and in their presence, the cochlea is 
presumed to be healthy.!^.^ In 1993, Lafreniere et 
al!? first reported the presence of OAEs in newborns 
with severe hyperbilirubinemia. In that study, no oth- 
er waveforms besides a reproducible wave I was 
obtained on ABR with an 85-dB stimulus. Likewise, 
Rhee et al* demonstrated the presence of OAEs in 4 
cases in the absence of an ABR, and Simmons and 
Beauchaine? reported the same finding in 1 case. 
However, in 3 of these 6 reported cases, neonatal 
septicemia and prolonged respiratory distress were 
additional risk factors that may have contributed to 
the hearing disorder. So far, the absence of OAEs 
has only been reported by Sheykholeslami and Kaga!! 
in 3 cases of hyperbilirubinemic deafness. These lat- 
ter reports*-!! are single-case reports or studies made 
on a limited number of cases, and their results are 
far from showing the incidence of cochlear involve- 
ment. 


250 (4,; 500 750 ik ik5 2k 





Our study diverges from the previous ones in 2 
ways: 1) hyperbilirubinemia was the only risk factor 
that could be determined, and the results were not 
contaminated by other causes of deafness; and 2) the 
study was made in a relatively large group of sub- 
jects, thereby providing an opportunity to determine 
the incidence of cochlear sparing. In our study, only 
in 4 of the 30 patients (13%) were the DPOAEs with- 
in the normal range, despite no discernible ABR 
waveforms. In other words, in hyperbilirubinemic 
deafness, the disease was purely postsynaptic in 13% 
of cases, and in the remaining cases, definite cochlear 
involvement was found. The possible explanation of 
the complete absence of ABR waveforms in these 
cases could be the lack of an ability of the auditory 
pathway neurons to respond synchronously to an in- 
put signal.!6 In 26 of 30 cases (83%), obvious co- 
chlear impairment was documented by the absence 
of DPOAEs. In 10 patients with ABR responses to 
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Fig 2. Auditory brain stem response shows no discern- 
ible waveform to click stimulus of 100 dB. Li — left 
ipsilateral; Ri — right ipsilateral. 


higher stimulus levels, interwave latencies were pre- 
served, indicating a normal brain stem conduction 
time. In the remainder of the cases, plausible biliru- 
bin toxicity to the auditory brain stem pathway could 
not be ruled out because of the masking effect of 
peripheral disease. 


Three years after the first case of Lafreniere et al, 1o 
Starr et al! reported 10 cases of mild to severe pure 
tone hearing loss, poor speech discrimination, absent 
ABRs, and normal OAEs and named this disorder 
auditory neuropathy (AN). Charcot-Marie-Tooth dis- 
ease, Friedreich's ataxia, and Guillain-Barré syn- 
drome are other known causes of AN.?://6 Mild to 
moderate hearing losses are found on pure tone au- 
diometry in most ÀN patients, but their word recogni- 
tion abilities are disproportionately poorer than their 
audiometric thresholds.!9 Adult AN patients usually 


state that they can hear but cannot understand. There ` 


are even some patients who can hear the click stimuli 
during the ABR testing. The cause of this bizarre situ- 
ation is probably altered neural synchronicity and im- 
paired temporal encoding of speech.?.16 Absence of 
contralateral acoustic reflexes and contralateral sup- 
pression of OAEs are the other reported findings in 
AN cases.1^18 The audiometric findings show wide 
variety and the patient population is heterogeneous, 
but the single common finding 1s the presence of nor- 


mal OAEs demonstrating that the lesion is definitely 
post—outer hair cell despite paradoxical absences of 
the ABR.!6 Although word recognition tests and pure 
tone audiometry could not be done in our 4 patients 
because of their ages, the presence of OAEs with an 
abnormal ABR may suggest the diagnosis of AN. 


In hyperbilirubinemic neonates, the determination 
of the incidence of pure post—outer hair cell disease 
— in other words, AN — is important in 2 main is- 
sues: in determining the best means of hearing screen- 
ing, and in choosing the rehabilitation method for 
deafness. Otoacoustic emission testing has gained 
worldwide acceptance for newborn auditory screen- 
ing because of its advantages such as reliability, ra- 
pidity, and low cost.1?20 However, according to our 
study, if OAE testing 1s chosen as the screening meth- 


od in neonatal hyperbilirubinemia, 13% of cases will 


be undiagnosed. Therefore, its low sensitivity in neo- 
natal hyperbilirubinemia appears to be a major draw- 
back. On the other hand, auditory screening of these 
subjects with ABR testing will diagnose hearing loss 
with high accuracy, but it will probably miss pure 
postsynaptic hearing losses such as AN, the reme- 
diation of which still remains controversial. Ampli- 
fication is disregarded by some authors because of 
its potential hazards for the outer hair cells and the 
lack of auditory nerve synchronicity in this patient 
group.!6 Similarly, cochlear implantation in such 
cases 1s questionable because of unpredictable post- 
implantation performance.”! 


CONCLUSION 


The incidence of cochlear sparing in hyperbilirubi- 
nemic deafness appeared to be 13% in this study. 
Therefore, auditory screening of newborns with jaun- 
dice with only OAE testing carries a significant risk 
of undiagnosed deafness. If ABR testing 1s used as 
the single method of screening, the same subjects 
will probably be misdiagnosed and inappropriate use 
of hearing aids will be recommended. For these rea- 
sons, we recommend dual screening with ABR and 
OAE testing in hyperbilirubinemic newborns. 
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ROLE OF MEDIALIZATION IN THE IMPROVEMENT OF BREATH 
CONTROL IN UNILATERAL VOCAL FOLD PARALYSIS 
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PARIS, FRANCE 


A prospective study was performed on 18 adults to analyze disturbances of voice and respiratory function in unilateral vocal fold 
paralysis and the role of medialization in the improvement of breath control. In addition to physical examination, an acoustic and 
aerodynamic analysis, as well as patient self-assessment, were performed both before and after medialization (14 fat injections, 4 
thyroplasties) to evaluate voice and both phonatory breath control and respiratory function outcome. Preoperative and postoperative 
results, at short, middle, and long term, were compared to data from 14 control subjects and evaluated by statistical analysis. Preop- 
erative acoustic and aerodynamic parameters were significantly disturbed in comparison to controls. Independently of the pulmonary 
status, medialization induced an improvement in most of the parameters at short and long terms, whereas a diminished effect was 
observed at middle term. Phonatory breath control, as evaluated by maximum phonation time, mean flow rate, and expired volume, 
was statistically improved, with the best results being obtained in women. From the questionnaire, it was clear that voice, as well as 
phonatory breath control and respiratory function, showed considerable improvement, although some difficulties persisted during 
effort. This study demonstrates that there is a disturbance of phonatory breath control and respiratory function in adult unilateral 
vocal fold paralysis. Improvement following medialization supports the concept that the respiratory dysfunction seen beforehand is 
most probably the result of air escape rather than laryngeal obstruction. Although medialization may provoke an extrathoracic 
obstruction, its feature of variability appears to improve breath control. 


KEY WORDS — dysphonia, medialization, phonatory breath control, respiratory function, vocal fold paralysis. 

INTRODUCTION tion.!!-14 By means of ventilatory function tests, it 
has been mostly related to a decrease in the laryngeal 
aperture during inspiration, with an increased airway 
obstruction following medialization,!?-!4 except in 
Kashima's study.!! It was also pointed out that the 
decrease in mean peak inspiratory flow after mediali- 
zation, with no change in expiratory flow, indicates 
that there is no fixed airway obstruction.!^ In addi- 
tion, Leder and Sasaki!“ have reported the effective- 
ness of thyroplasty in maintaining an adequate sub- 
glottic pressure that allows an easy use of airflow 
during speech. One may suggest that a variable de- 
gree of upper airway obstruction, provoked by medi- 
alization, is required to produce an improvement in 
breath control. This suggestion supports the concept 
that greater inspiratory efforts during unilateral vo- 
cal fold paralysis are developed to compensate for 
the airway escape from the glottic aperture and the 
decreased laryngeal resistance. This escape may com- 
promise the air volumes required for phonation and 
respiration. 


Unilateral recurrent nerve paralysis results in in- 
appropriate vocal fold vibration leading to dyspho- 
nia, which is usually the major symptom of the pa- 
ralysis. Although swallowing disorders are common- 
ly reported in cases of 10th cranial nerve paralysis, 
in which both superior and inferior laryngeal nerves 
are impaired, incompetence of the laryngeal sphinc- 
ter, in addition to pharyngeal dysfunction, may dis- 
turb airway protection in recurrent nerve paraly- 
sis.!-© Besides its airway protective function, the res- 
piratory function of the larynx is important, since it 
regulates to some degree the intrapulmonary pres- 
sure to prevent collapse of the lung.’ Modulation of 
subglottic pressure regulates phonation, and complete 
closure is necessary before an explosive cough. AI- 
though dyspnea has been described following unilat- 
eral laryngeal paralysis in infants*? (due to airway 
obstruction by the narrowing of the glottic area), in 
adults, symptomatic disturbed airflow has been more 
commonly reported as breathiness, affecting the pho- 


natory breath, as evaluated by the GRBAS (grade, To demonstrate the effect of these breath control 


roughness, breathiness, asthenia, strain) scale.!? Some 
authors have, however, studied in adults the conse- 
quences of laryngeal obstruction on the respiratory 
function, both before and after vocal fold medializa- 


disturbances in unilateral vocal fold paralysis, we 
prospectively studied 18 patients both before and 
after vocal fold medialization. Phonatory breath con- 
trol and respiratory function were evaluated by aero- 
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dynamic measures and by self-assessment. Vocal out- 
come was also studied, by analysis of acoustic param- 
eters and self-assessment by the patient. The present 
study demonstrates that medialization promotes regu- 
lation of both phonatory breath control and respira- 
tory function, and thus greatly improves the patient's 
quality of life. 


PATIENTS AND METHODS 


Eighteen of 23 patients consecutively referred to 
our institution for the rehabilitation of unilateral la- 
ryngeal paralysis were included in this prospective 
study. Ten patients were male, 8 were female, and 
their mean age was 57.5 years (range, 24 to 80 years). 
Four of them had sedentary occupations. Previous 
voice therapy had been ineffective or insufficient in 
all of them. The mean duration of the paralysis was 
13.8 months (range, 4 to 40 months) before medial- 
ization. There were 13 recurrent nerve paralyses and 
five 10th cranial nerve paralyses, which were idio- 
pathic in 3 cases and due to surgery in the others 
(skull base, thyroid, or thoracic surgery). The right 
vocal fold was paralyzed in 8 patients, and the left 
was paralyzed in 10 patients. Medialization of the 
paralyzed vocal fold was achieved by autologous fat 
injection in 14 cases (6 women and 8 men) and by 
thyroplasty with a silicone implant (fashioned from 
a silicone block) in 4 patients.(2 women and 2 men). 
(One thyroplasty proceduré was performed after au- 
tologous fat injection that had not greatly improved 
the condition.) 


In addition to a physical examination including a 
videofiberscopic examination, an acoustic and aero- 
dynamic analysis and a patient self-assessment were 
performed before and after medialization. The fiber- 
scopic examination and acoustic and aerodynamic 
parameters were recorded within 2 weeks before vo- 
cal fold medialization, and also at periodic intervals 
after the surgery: from 1 to 3 months (short term; 
ST), from 4 to 6 months (middle term; MT), and from 
7 to 12 months (long term; LT) after the procedure. 
The patient self-assessment was evaluated by a ques- 
tionnaire before surgery and from 8 to 10 months 
after surgery. In addition, an acoustic and aerodynam- 
ic evaluation was performed in a control population 
of 14 adults (8 men and 6 women; mean age, 53.6 
years; range, 28 to 80 years) with no head and neck 
disease or laryngeal or pulmonary disorders. 


Fiberscopic Examination. Physical and videofi- 
berscopic examinations were performed with a flex- 
ible laryngoscope (Olympus, ENF type PIII, or Ma- 
chida, EN'T-30 type PHD by the same otolaryngolo- 
gist (S.P.) in all subjects. This videofiberscopy in- 
cluded a functional assessment of deglutition of dry 
swallows and swallowing of thick cream, methylene 


blue water, and marshmallows. 


Clinical Measurements of Acoustic and Aerody- 
namic Parameters. Aerodynamic and acoustic analy- 
ses were performed by a speech-language pathologist 
using an SQ Lab workstation and an EVA (French 
acronym for assisted voice evaluation) analyzer. All 
of the subjects were recorded in a quiet room. For 
acoustic analysis, a mouth-to-microphone distance 
of 30 cm was maintained during production of the 
vowel /a/ voiced at a comfortable pitch and loudness 
level. Acoustic parameters included measurements 
of jitter, shimmer, number of harmonics, and the ape- 
riodic component of voice expressed by the “1-ratio 
signal.”!© The number of harmonics and the 1-ratio 
signal were calculated from spectral analysis. For 
aerodynamic parameters, both oral and nasal airflows 
were assessed by separate airflow transducers. The 
following parameters were recorded: maximum pho- 
nation time (MPT) during production of a sustained 
/a/ (seconds), expired volume on MPT during produc- 
tion of /a/ and /s/ (liters), and flow rate measured 
during production of a sustained /a/ (liters per sec- 
ond). Expired and inspired volumes (liters) were cal- 
culated during the following sentence: “C’est une af- 
faire interessante, qu’ en pensez-vous?" The expired 
volume on MPT during production of /a/ and /s/ (li- 
ters) expressed the maximum amount of expired air 
available either for a high-intensity phonatory pro- 
duction (requiring a small amount of air) evaluated 
on the vowel /a/, or for a low-intensity phonatory 
production (requiring a large amount of air) on the 
consonant /s/. The mean values of each measure were 
calculated from 3 consistent productions recorded 
for the flow rate, as well as expired and inspired vol- 
umes during the sentence, while the best performance 
among 3 trials was selected for parameters based on 
the MPT (MPT on a sustained /a/, and expired vol- 
ume on MPT during /a/ and /s/ productions). 


Questionnaire. The patient self-assessment was 
evaluated by a questionnaire especially designed for 
the study (of about 50 questions), related to the pa- 
tient's subjective difficulties in phonation, swallow- 
ing, and breathing. The main items are reported in 
Table 1. It was especially focused on phonatory and 
respiratory efforts and on the impact on quality of 
life (family, social, and professional aspects). The 
responses were scored on a scale with a maximum 
of 3 points (0 for none or normal, 1 for slight alter- 
ation, 2 for marked alteration, and 3 for severe alter- 
ation) to evaluate vocal status, phonatory breath con- 
trol, and glottic closure efforts. For respiratory func- 
tion, breathiness during daily efforts and exercise, 
effective cough, and impact on the quality of life, 
responses were scored as yes or no (presence or ab- 
sence of the complaint). 
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TABLE 1. RESULTS OF PATIENT SELF-ASSESSMENT 




















Preoperative Postoperative p" 

Vocal status 

Global quality? 2.3 € 0.6 0.5203 1.2 x 10° 

Efficiency * 2.6 + 0.6 0.5 € 0.5 6.3 x 107? 

Strength? 2.6 + 0.6 0.8 + 0.6 9.3 x 1079 

Sonority? 2.6+0.9 0.7+0.6 4.0 x 1075 
Phonatory breath control 

Breathiness+ 2521.2 0.2 + 0.4 «.0001 

Asthenia during phonationt ZUNE 14 0.3 + 0.4 .0001 

Global asthenia* L2 tio 0.2 10.5 .0007 

Straint 1.9 € 1,3 0.2 € 0.4 .0003 

Return to steady breathing? Loe 1.0 0.2 + 0.4 .0001 

Instability} 1.91.4 0.8 + 0.6 .006 
Respiratory function 

Global disturbance 14 s 

Sensation of shortness of breathz 12 l 

Deeper inspirations 10 3 

Increased respiratory frequencyz 7 | 

Disturbed inspirations F; 2 

Smaller inspired airwayz 6 2 
Breathiness during daily efforts 

Global 18 > 

Going upstairs 12 5 

Phonationzt 12 2 

Walking 6 l 
Breathiness during exercise 

Global: 14 5 

Difficulty in getting one’s breath 11 3 

Glottic closure effort? 0.6 + 0.6 0.33 0.5 .0015 
Effective coughz 7 15 
Impact on quality of life 

Global disturbancez 16 2 

Disturbance in family lifez 9 0 

Disturbance in social lifez 9 0 

Disturbance in professional lifez 9 2 


*Statistically significant difference at p < .02 between preoperative and postoperative values. 


* Mean values and standard deviations for responses evaluated on scale from 0 to 3. 


Number of patients with responses scored as yes (presence of complaint). 





Analysis of Evaluations. Evaluation of the voice 
was based on both acoustic parameters and the pa- 
tient self-assessment. Phonatory breath control was 
evaluated by aerodynamic measures and by patient 
self-assessment, and respiratory function was evalu- 
ated by patient self-assessment. Mean values and stan- 
dard deviations were determined from the results. Pa- 
rameters were compared in terms of preoperative and 
postoperative values and to controls. Student's r-test 
was applied for statistical analysis, with a signifi- 
cance level of p « .02. 


RESULTS 


Fiberscopic Examination and Swallowing Evalu- 
ation. At preoperative physical and videofiberscopic 
examinations, the vocal fold was fixed in an inter- 





mediate ( 12 patients) or paramedian (6 patients) posi- 
tion, resulting in incomplete laryngeal closure dur- 
ing phonation in all patients. The vocal fold showed 
marked atrophy in 11 cases. The pharynx was also 
paralyzed in 5 patients, with opened pyriform fossae 
and paralysis of the posterior pharyngeal wall. Aspi- 
ration of liquids was observed in 10 patients, and of 
thick cream in 6 patients. Postoperative videofiber- 
scopic examinations revealed no recovery of vocal 
fold mobility. Medialization resulted in complete 
glottic closure during the production of a sustained 
/a/ in 15 patients, whereas a posterior glottal gap was 
still present in the other 3 (2 from autologous fat in- 
jection, | after thyroplasty). The postoperative vid- 
eofiberscopic swallowing study showed that the as- 
piration of liquids had disappeared in all patients ex- 
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TABLE 2. MEAN (48D) VALUES OF ACOUSTIC PARAMETERS AND COMPARISON OF RESULTS BEFORE AND AFTER 


MEDIALIZATION 
Control Preoperative Postoperative (n = 18) 
; (n = 14) (n = 18) Short Term Middle Term Long Term 
No. of harmonics 20 +8 TES 15 € 7 (p = .0004)* 16 + 16 (p = .022) 16 + 8 (p = .008)* 
l-Ratio signal 6.0 + 10.0 39.6428.9 12.2+10.0(p=.001)* 30.4 + 31.3 (p =.49) 23.7 +21.1 (pz .12) 
Jitter (%) 0.50.5 6.9 t 7.9 1.4 € 1.5 (p = .011)* 2.5 + 5.0 (p = .29) 1.0 + 0.6 (p = .007)* 
Shimmer (%) 0.6+ 0.8 1.8 € 1.5 0.7 + 0.3 (pz .011)* 25t2.44(p2.53) 0840.4 (p=.019)* 


*Statistically significant difference at p < .02 between preoperative and postoperative values. 


cept 1, in contrast to that of thick cream, which per- 
sisted in 3 patients. 


On the questionnaire, aspiration of liquids was re- 
ported before operation in all patients, 4 of them also 
exhibiting blockage, aspiration of solids, and/or na- 
sopharyngeal reflux. Aspiration of liquids disap- 
peared in most of them after medialization (partly 
persisting in 1 patient), although caution during drink- 
ing was frequently reported during the ST follow- 
up. The blockage, aspiration of solids, and/or naso- 
pharyngeal reflux persisted in the 4 patients after me- 
dialization. In addition, coughing was considered to 
be effective in 15 patients after medialization (in con- 
trast to 7 before medialization). 


Vocal Assessment. Dysphonia was exhibited before 
operation in all patients. On the questionnaire, the 
mean global quality of voice was significantly im- 
proved by medialization (on the 3-point-maximum 
scale, mean grade of 2.34 before operation and 0.53 
after operation), as were efficiency, strength, and so- 
nority (Table 1). Most of the patients were greatly 
satisfied by their medialization and said that they had 
recovered their voice. However, singing and loud 
speech were still disturbed in some of the patients, in 
contrast to daily conversation such as telephoning. 





Preop CT MT LT Controls 


Fig 1. Mean values and standard deviations of maximum 
phonation time in seconds. Preop — preoperative, ST — . 
short term, MT — middle term, LT — long term, * — 
statistically significant difference at p « .02 between pre- 
operative and postoperative values. 


The acoustic analysis (Table 2) demonstrated that 
all of the preoperative parameters were significantly 
disturbed as compared to the control population, and 
that most of them were improved after medialization. 
Doubling of the mean number of harmonics (from a 
preoperative value of 7 to a postoperative value of 
16) was statistically significant at ST and LT after 
medialization; a diminished effect was observed at 
MT. Nevertheless, the mean values varied between 
sexes: values for female patients reached those of 
controls, whereas those for male patients were lower. 
The mean of the 1-ratio signal was improved at ST, 
but deterioration was observed at MT and LT, with 
high variations of these values. The mean jitter and 
shimmer rates had significantly decreased at ST and 
LT, with levels near normal. However, at MT, an in- 
crease of jitter and shimmer values was observed. 
Except for the 1-ratio signal, all of the acoustic pa- 
rameters were improved after medialization and were 
statistically significant at ST and LT (p « .02). 


Phonatory Breath Control Assessment. Self-as- 
sessment by the patients demonstrated that difficul- 
ties during phonation related to disturbance of breath 
control were improved. On the 3-point-maximum 
scale, the mean values of breathiness during phona- 
tion, asthenia during phonation, global asthenia, 
strain, return to steady breathing after phonation, and 
instability of voice were statistically decreased (Table 
1). 

All of the preoperative aerodynamic parameters 
were significantly disturbed in comparison to the con- 
trol population. In addition, the results were not af- 
fected by the preoperative pulmonary function. (No 
difference was observed between patients with lung 
disease and the others.) 


The mean MPT during production of a sustained 
/a/ increased significantly at ST (p = .0006) and LT 
(p = .010). after surgery: from 5.7 seconds to 11.4 
and 13.4 seconds, respectively (Fig 1). There was a 
diminished effect at MT (p = .21). The results in 
women reached the values of the control subjects, in 
contrast to men, in whom the MPT was lower, so 
that the global MPT was lower than that of healthy 
subjects. 


The mean results of the expired volume on MPT 
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on /a/ 
L] on /s 


40 3.95 


3.0 






2.0 





1.90 1.92 
. | 1.70 
CT MT 


Fig 2. Mean values and standard deviations of expired 
volumes (liters) on maximum phonation time during pro- 
duction of /a/ and /s/. See legend of Fig 1. 


LT Controls 


Preop 


during production of /a/ and /s/ showed a slight im- 
provement that was not quantitatively significant (p 
» .09), although the volumes were qualitatively nor- 
malized (resulting in a higher expired volume used 
on /s/ than on /a/; Fig 2). 


. The mean flow rates measured during a sustained 
/a/ (Fig 3) decreased statistically after medialization 
at ST (p = .004) and LT (p = .0012), with a slightly 
diminished effect at MT (p = .16). The postoperative 
values at ST and LT'reached those of controls. 


The mean expired volume for the sentence "C" est 
une affaire intéressante, qu' en pensez-vous?" signifi- 
cantly decreased, and demonstrated a normalization 
both at ST (p = .0008) and LT (p = .0003) after the 
procedure (Fig 4). There was a diminished effect at 





. Preop CT MT LT Controls 


Fig 3. Mean values and standard deviations of flow rates 
(liters per second) on sustained /a/. See legend of Fig 1. 


Expired volumes during phrasing 





Prep CT MT LT Controls 


Inspired volumes during phrasing 





Preop CT MT LT 


Controls 


Fig 4. Mean values and standard deviations of expired 
and inspired volumes (liters) during utterance of "C'est 
une affaire intéressante, qu'en pensez-vous?" See leg- 
end of Fig 1. 


MT (p= .06). The mean inspired volume for the same 
sentence decreased from 0.2 L (with an SD of 0.2 L) 
to 0.04 L, but the change was not statistically signifi- 
cant (p > .49; Fig 4). 


Respiratory Function Assessment. Respiration was 
improved by medialization, since difficulties were 
reported in most of the patients before operation (14 
cases) and disappeared in 9 of them after operation 
(Table 1). Most of the subjective complaints were 
related to a sensation of shortness of breath, the need 
to take deeper inspirations, and the need to increase 
the respiratory frequency. Some patients also pointed 
out that they had a disturbed inspiration and com- 
plained of a smaller airway. These difficulties were 
exhibited by patients before operation whatever their 
pulmonary status, and were improved after opera- 
tion. Breathiness during daily efforts and exercise 
decreased after medialization, although some diffi- 
culty during exercise persisted in 5 of the 14 active 
patients. Efforts requiring firm glottic closure with 
elevated intra-abdominal pressure, such as lifting and 
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defecating, were also-improved, and the number of 
patients who considered that coughing was effective 
increased after operation. 


Impact on Quality of Life. The patient self-assess- 
ment (Table 1) showed that the global impact of the 
paralysis (on phonation, breathing, and swallowing) 
before medialization affected daily life in all patients 
except 2. The quality of their family, social, and pro- 
fessional lives was improved after operation. Some 
difficulties at work persisted in 2 patients, especially 
when they had to talk in public. 


DISCUSSION 


In the present study, we have shown that there is a 
disturbance of breath control in unilateral vocal fold 
paralysis, and that some degree of laryngeal obstruc- 
tion, as a consequence of medialization, is required 
to improve both vocal status and breath control. This 
conclusion was demonstrated by a comparative anal- 
ysis with a healthy population, and by the fact that 
medialization of the paralyzed vocal fold signifi- 
cantly improved the acoustic properties of the voice, 
as well as respiration. Our analysis was not based on 
pulmonary tests, but aerodynamic parameters were 
used to study phonatory breath control, and patient 
self-assessment was used to evaluate phonatory breath 
control and respiratory function before and after me- 
dialization. Swallowing and coughing were also stud- 
ied, since aspiration and ineffective coughing may 
compromise the protective functions of the larynx 
and respiration. The constitution of a control popula- 
tion was necessary for us to study the preoperative 
status of patients and the effects of medialization. In 
this way, numeric values were obtained that allowed 
objective comparisons and statistical evaluation. This 
step is important, since the patient self-assessment 
demonstrated a significant improvement for most of 
parameters tested, although some of the instrumen- 
tal measures did not reach normal values. This dis- 
crepancy has already been reported, 7?! and may be 
due to the fact that in patient self-assessment, im- 


provement is always compared with a preoperative | 


pathological status. In contrast, the criteria used in 
instrumental analyses are based on normal values 
from a healthy population. 


Concerning phonatory breath control, this present 
study demonstrated, in comparison to controls, a 
marked disturbance prior to medialization, as shown 
by the results of the aerodynamic parameters that 
were not affected by the pulmonary status. It was well 
assessed by the values of MPT on a sustained /a/, 
which has been be used in most of the recent studies 
independent of the medialization procedure that was 
used, 14,15202226'This was associated with a decrease 
in the mean flow rate, as previously reported**: for 


the same expired volume, the duration of phonatory 
production increased, while the flow rate decreased. 
In addition, although the expired volume on MPT 
was not quantitatively normalized, medialization al- 
lowed a qualitative laryngeal control of the expired 
volumes required to produce either high-intensity (on 
/af) or low-intensity (on /s/) phonatory activity. The 
fact that the expired volumes on MPT did not differ 
between these tasks before medialization, in contrast 
to the controls, should be related to the difficulty for 
a paralyzed vocal fold in producing high-intensity 
phonatory activity. It also indicates that the ability 
of the vocal fold to increase the subglottic pressure 
is more impaired during high-intensity phonatory ac- 
tivity like that required on /a/ than it 1s during the 
production of a consonant like /s/. During phrasing, 
which is not a situation of performance such as MPT, 
the values of the expired volume decreased signifi- 
cantly to reach those of controls. Medialization al- 
lowed the patient to reduce the expiratory effort of 
natural voice activity (eg, phrasing) more easily than 
that of a situation of performance. The inspired vol- 
ume used during phrasing also decreased, although 
the high value of the standard deviation prevented 
any significant difference. The fact that the volumes 
measured were improved qualitatively (during MPT) 
or quantitatively (during phrasing) demonstrates that 
medialization does not compromise the airway for 
phonation, but successfully regulates the phonatory 
breath control. This finding is in accordance with the 
study of Leder and Sasaki,? which demonstrated, 
after medialization, a reduction in the number of in- 
spirations used during the oral reading of a text. In 
addition, in the present study, the results of the ques- 
tionnaire showed that phonatory effort was greatly 
improved by medialization, in agreement with the 
aerodynamic parameters. 


Concerning respiratory function, however, it has 
been well demonstrated by pulmonary aerodynamic 
parameters, especially on flow-volume loops, that 
some degree of airway obstruction occurs in unilat- 
eral vocal fold paralysis and compromises respira- 
tion.1l-14 Some controversy still remains as to wheth- 
er medialization induces a new degree of obstruc- 
tion. This controversy may result from the method 
of analysis used to define laryngeal obstruction, or 
the procedure of medialization that was performed. 
In Kashima's study,!! an improvement in inspiratory 
flow rates occurred after Teflon injection. In contrast, 
Janas et al!? demonstrated an increased rate of laryn- 
geal obstruction (from about 20% to 47% of patients) 
after thyroplasty, but the thyroplasty was combined 
in some cases with cricothyropexy and arytenoid ad- 
duction. In this earlier study, the evaluation of ob- 
struction was based on the increased ratio of the ex- 
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pired flow rate to the inspired flow rate at 5096 of 
the vital capacity, which was due to an increase in 
the inspired flow rate only. In a series of 6 patients 
in whom thyroplasty was performed, a reduction in 
both inspiratory airflow and glottic aperture under 
exercise conditions was demonstrated, but preopera- 
tive evaluation was not.performed.!? In the study of 
Saarinen et al,!^ the only parameter that was signifi- 
cantly disturbed after autologous fascia medialization 
was a slight limitation of the mean peak inspiratory 
flow (1e, forced inspiration). The selective restric- 
tion of the inspiratory flow rate reported in most of 
these studies, with normal expiratory flow-volume 
variables, indicates a variable degree of upper air- 
way obstruction. On the basis of these previous data 
and our results, in which the patients found an im- 
provement in the control of respiratory function (sen- 
sation of shortness of breath, increased respiratory 
frequency, breathiness during daily efforts), a vari- 
able degree of laryngeal obstruction by medialization 
would improve, in addition to the vocal status and 
phonatory breath control, the respiratory function in 
unilateral vocal fold paralysis. Moreover, preopera- 
tive disturbance of respiratory function was espe- 
cially reported on the patient questionnaire in terms 
of inspiration (deeper inspirations). This disturbance 
may be easily detectable, especially in listening to 
patients during phrasing, and in questioning them 
about the difficulties they encounter during exercise. 
These inspiratory efforts may be generated to increase 
the amount of air available, as there is a permanent 
air escape from the glottic aperture and a decrease in 
subglottic pressure. After medialization, we have 
demonstrated that regulation of the expired volume, 
by correcting the glottic escape, improved efforts that 
require firm glottic closure, and also allowed a de- 
crease in the inspiratory effort. This would not be 
the case if the preoperative disturbance of breathing 
was caused by the obstruction of the paralyzed vo- 
cal fold, as in infants, since medialization tends to 
increase glottic obstruction. Consequently, the dis- 
turbance of the respiratory cycle in adults would be 
due to an overenlarged glottic aperture rather than to 
laryngeal obstruction. However, during measures of 
performance, such as exercise or forced inspiration, 
slight impairment of the airflow might occur. This 
should be partly dependent on the medialization pro- 
cedure used and on the effort used by the patients. In 
this work, a comparison between the methods of me- 
dialization could not be made, because the number 





of thyroplasties was too low. In the literature, subjec- 
tive complaints of laryngeal obstruction are uncom- 
mon; airway compromise has been reported when 
medialization was combined with arytenoid cartilage 
manipulation,’ and in active patients with an in- 
creased ventilatory demand.!? More investigations 
would be required to measure the impact of exercise 
on breath control by adapting respiratory tests. 


This study also demonstrated 2 particular features: 
different results were obtained in women and men, 
and fluctuations were observed in the MT results. 
The better results observed in women were not cor- 
related with age, pulmonary function, or the sever- 
ity of the preoperative voice or aerodynamic impair- 
ment. This finding may be due to the smaller size of 
the female larynx, which may be more adapted to 
being closed by medialization, and/or to a different 
metabolism of fat. Stroboscopy, as well as magnetic 
resonance imaging,” could be performed to com- 
pare the sexes in terms of the dynamic properties of 
glottic closure and the fat volume in the muscles. 
Deteriorations in the MT results relative to the ST 
and LT results were also observed on both acoustic 
and aerodynamic analyses. The initial improvement 
was followed by a transient diminished effect, but 
the improvement remained stable after 7 months. This 
finding has been reported previously, but was 
thought to be controversial.?? It may be that a read- 
justment is required to relearn a more natural voice 
and breath control, which may temporarily destabi- 
lize the results. The role of voice therapy during the 
period of diminished effect should be investigated. 
In addition, for the best evaluation of the success of 
medialization, studies should be performed either 
within 3 months of the operation or 7 months or more 
after the operation. 


In conclusion, acoustic and aerodynamic analy- 
ses, as well as patient self-assessment, demonstrate 
that disturbances of phonatory breath control and 
respiratory function in adult unilateral vocal fold pa- 
ralysis due to airflow escape are improved by medi- 
alization. This procedure provides a more natural 
breath control, allowing reduced vocal effort, although 
some difficulty during exercise may persist. This study 
also shows that an evaluation of the outcome of medi- 
alization may consider breath control as a parameter 
of laryngeal function, in addition to vocal status, es- 
pecially in patients with lung dysfunction either from 
surgery or from aspiration. 
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OTOLARYNGOLOGICAL SURGERY AND UPPER RESPIRATORY TRACT 
INFECTIONS IN CHILDREN: AN EPIDEMIOLOGICAL STUDY 
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The objective of the study was to assess the occurrence of different procedures of upper airway surgery and estimate their 
relationship to specific upper respiratory tract infections and constitutional factors. In a population-based cross-sectional study in 
Oslo, Norway, of 3,763 preschool children 3 to 4 years of age, the otolaryngological surgeries adenoidectomy, tonsillectomy, 
myringotomy, ventilation tube insertion, and combinations of these were the outcome measures. The results showed that by 4 years 
of age, 13% (n = 501) had undergone operation, and approximately two thirds of the operations involved middle ear surgery. Although 
surgery was related to the occurrence of upper respiratory tract infections, the type of surgery was not related to the specific infection. 
In the children with operations, the occurrence of recurrent otitis media (23 infections in the previous 12 months) was almost fivefold 
higher than in children without operations (adjusted adds ratio [ORadj] = 5.19 [3.15 to 8.54]). A low level of maternal education 
(ORadj = 1.61 [1.05 to 2.7] compared to the group with a high level of education) and atopy on the part of the child (ORadj = 1.58 
[1.20 to 2.071) increased the probability for upper airway surgery independently of the experience of infections. In conclusion, early 
pediatric otolaryngological surgery is common. The decisions for surgical treatment vary substantially and are not closely related to 
the specific infections. The influence of other factors such as maternal education indicates that decisions for surgery are not entirely 


based on medical evidence. 


KEY WORDS — epidemiology, guideline, otitis media, surgery, upper respiratory tract infection. 


INTRODUCTION 


Upper respiratory tract infections are common in 
children, and treatment 1s both medical and surgi- 
cal.!. Correspondingly, surgery in the upper airways 
is the most common operation in childhood.2 Upper 
airway surgery includes adenoidectomy, tonsillec- 
tomy, myringotomy, ventilation tube insertion, and 
combinations of these. Different types of surgical 
procedures have evolved over the past 30 years, but 
their efficacy has not been assessed thoroughly. Only 
recently have controlled clinical trials been conducted 
to evaluate the specific surgical procedures.^ To date, 
the guidelines and clinical treatment recommenda- 
tions for recurrent upper respiratory tract infections 
are nonspecific. 9 


In the decision-making for surgery, a dilemma is 
to balance between unnecessary operations and with- 
holding operations from children who would benefit 
from surgery. To optimize surgical practice, it is nec- 
essary to know about the prevailing practice. To our 
knowledge, there are no population-based reports of 
the occurrence of otolaryngological surgery in early 
childhood. The present study elaborated pediatric sur- 
gical practice for upper respiratory tract morbidity 
in 4-year-old children of Oslo, Norway. We assessed 
the occurrence of different procedures and the rela- 


tionship of the type of surgery to the type of infection 
and to constitutional and socioeconomic factors. 


MATERIALS AND METHODS 


Study Population and Data Collection. The source 
population included children born in Oslo in 1992 
who were official residents of the city by November 
1996. Because of expected language difficulties in 
providing information by self-administered question- 
naires, children of non-Norwegian parents were ex- 
cluded from the retrospective study (n = 1,398). The 
4,863 of the 4,966 families who fulfilled the inclusion 
criteria (9896) and for whom the current address was 
available received self-administered questionnaires 
on their history of upper airway surgery and health 
and familial characteristics. The number of respon- 
dents was 3,853 (79%). The exclusion of 90 children 
whose parents did not respond to the question on up- 
per respiratory tract surgery left 3,763 children for 
the current analyses. The study population is more 
thoroughly described elsewhere.® 


Outcome Measures and Determinants. The out- 
comes of interest were the upper airway surgeries 
adenoidectomy, tonsillectomy, myringotomy, venti- 
lation tube insertion, and any combination of these. 
In this study, middle ear surgery was limited to out- 
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TABLE 1. CHARACTERISTICS OF NORWEGIAN PRESCHOOL COHORT BY OTOLARYNGOLOGICAL SURGERY 


Gender (male) 
Birth weight ($2,500 g; 244 missing) 
Maternal education (33 missing) 

«12 y 

12-15 y 

»15y 
Single parenthood (6 missing) 
Siblings (yes; 245 missing) 
Atopic disease* (71 missing) 
Maternal smoking in past 12 mo (103 missing) 
Paternal smoking in past 12 mo (258 missing) 
Duration of breast-feeding (<3 mo; 205 missing) 
Day-care arrangement 

Home care 

Family day care 

Day-care center 

Mixed home care and day-care center care 

* Asthma, allergic conjunctivitis, or rhinitis. 


patient procedures including myringotomy with or 
without ventilation tube insertion. Surgery including 
adenoidectomy or tonsillectomy was regarded as pha- 
ryngeal surgery. The combined-surgery group con- 
sisted of children who underwent both SODSDAGEIORUY 
and middle ear surgery. 


We studied 3 types of determinants: 1) respiratory | 


infections, 2) constitutional factors, and 3) socioeco- 
nomic factors. We focused on respiratory infections 
from the previous 12 months, including acute otitis 
media, tonsillitis or pharyngitis, common cold, chron- 
ic rhinitis, bronchitis, and pneumonia. Chronic rhi- 
nitis was defined as daily or weekly nasal secretion 
without coexistent common cold. Recurrent acute 
otitis media and tonsillitis or pharyngitis was defined 
as 3 or more infections during the past 12 months, 
and recurrent common cold was defined as 4 or more 
colds in the same period of time. Recurrent lower 
respiratory tract infections were defined as 3 episodes 
of bronchitis or 2 or more episodes of pneumonia in 
tlie past year. Lifetime recurrent acute otitis media 
and croup was defined as 4 or more episodes of acute 
otitis media and acute laryngitis, respectively, during 
any 12-month period. 


The constitutional factors included gender, birth 
weight, and atopic disease. Parental education was 
used as an indicator of socioeconomic status. Envir- 
onmental covariates were parental smoking, number 
of siblings, and type of day care (as sources of expo- 
sure to infectious agents). The type of day care was 
divided into 3 categories: home care (at home with 
mother or father; at home with a nursing assistant; at 


Upper Airway Surgery No Surgery Entire Cohort 
(13%; n = 501) (6796; n = 3,262) (N = 3,763) 
No. 96 No. % No. 96 
281 56 1,653 51 1,934 - - 51 
34 7 154 3 188 5 
45 9 213 7 258 7 
346 70 2,113 65 2,459 66 
104 21 909 28 1,013 21 
92 18 541 17 633 17 
243 51 1,608 53 1,851 ‘49 
107 22 375 12 482 13 
188 38 1,001 32 1,189 33 
152 32 916 30 1,068 — 31 
86 19 419 14 505 14 
41 8 329 10 370 10 
8 2 66 2 74 2 
424 85 2,591 79 3,015 80 
28 6 276 9 304 8 


home but attending organized playgrounds together 
with other children); family day care (in a family or 
private nursery outside the home); and day-care cen- 
ter (owned by the municipality or privately owned). 
For this study, atopic disease was defined as any ex- 
perience of physician-diagnosed asthma, allergic con- 
junctivitis, or rhinitis. The determinants and their 
distributions are listed in Table 1. 


Statistical Analysis. We estimated the prevalence 
of surgeries and recurrent respiratory infections and 
compared the prevalence of infections between chil- 
dren who underwent different types of surgery to 
those who did not have surgery. The odds ratio (OR) 
was used as a measure of association between the 
occurrence of pharyngeal and/or middle ear surgery 
and the studied infections and other determinants. 
The adjusted OR (ORadj) was estimated in logistic 
regression analysis with SPSS 8.0, with the covariates 
in Table 1 controlled for. On the basis of previous 
knowledge, 3 core covariates (gender, birth weight, 
and maternal education) were always included in the 
model. The other covariates were included if their 
inclusion had an impact on the accuracy and precision 
of the estimate of the studied relationship. We used 
SPSS 8.0 for all analyses. 


RESULTS 


Study Population. Of the study participants, the 
majority of children belonged to 2-parent families 
(8390) and had parents with more than 12 years of 
education. The median age was 4.3 years (SD, 0.3 
year). Of all children; 12% had physician-diagnosed 
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Combined middle ear 
and pharyngeal surgery 


Middle ear surgery 





n-277 
(5596) 











Myringotomy and/or Adenoidectomy 
ventilation tube insertion 


lifetime asthma, allergic conjunctivitis, or rhinitis. Ten 
percent of the children were cared for at home, 2% 
in private homes, 80% in day-care centers, and 8% 
in combined (home and center) day-care arrange- 
ments. The characteristics of the study population 
for the surgery and nonsurgery subgroups in Table 1 
show that upper airway surgery was significantly 
more commonly performed in boys, in children with 
concurrent atopic disease, in children breast-fed for 
less than 3 months, and in children whose mothers 
had more than 15 years of education. 


Occurrence of Surgery. Of the 13% of children in 
the study who underwent surgery (n = 501), 9% (n= 
350) had middle ear surgery and 6% (n = 224) had 
. tonsillectomy. The proportion of boys who underwent 
surgery was 14% (95% confidence interval [CT], 12% 
to 16%), in contrast to 12% of girls (95% CI, 10% to 
13%). Of all 501 children who underwent operations, 
combinations of middle ear surgery were performed 
in 277 (55%), pharyngeal surgery in 151 (30%), and 
a combination of middle ear and pharyngeal surgery 
. intheremaining 73 (15%). The Figure shows the num- 
bers of children who underwent the different types 
of surgery and the corresponding combinations of 


Pharyngeal surgery 





Tonsillectomy 


n - 151 
(30%) 
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Combinations of middle ear and pharyngeal 
surgical procedures among children in cohort. 
Surgery was performed in 13% of children (N 
= 501). 


operative treatments. 


Respiratory Infections as Determinants of Surgery. 
Table 2 shows the prevalence of recurrent respiratory 
infections by the different types of surgery. Approxi- 
mately 30% of the children experienced 3 or more 
episodes of common cold during the past 12 months. 
The prevalences of chronic rhinitis, recurrent com- 
mon cold, and acute otitis media were higher in all 
surgery subgroups than in the nonsurgery group. Be- 
tween the surgery subgroups, however, there were 
only small differences (Table 2). Furthermore, otitis 
media and pharyngitis or tonsillitis were not signifi- 
cantly more frequent in children who underwent mid- 
dle ear and pharyngeal surgery. Only otitis-proneness 
was more common in the middle ear surgery group 
and in children who underwent combined middle ear 
and pharyngeal surgery (Table 2). 


Table 3 gives the proportion of children who under- 
went surgery according to each of the recurrent infec- 
tions and crude and adjusted ORs for the relationship 
between the experience of respiratory infections and 
risk for surgery. The adjustment was first made for 
the other respiratory infections, then with control for 


TABLE 2. PREVALENCE RATES OF RECURRENT RESPIRATORY INFECTIONS IN PRESCHOOL CHILDREN BY TYPE 
OF UPPER RESPIRATORY TRACT SURGERY 


Recurrent respiratory infections in past year 
Chronic rhinitis (daily or weekly in past year) 
Recurrent common cold (23 in past year) 
Recurrent acute otitis media (23 in past year) 
Recurrent pharyngitis or tonsillitis (23 in past year) 
Recurrent lower respiratory tract infections (23 bronchitis 
or 23 episodes of pneumonia in past year) 
Recurrent respiratory infections in lifetime 
Recurrent acute otitis media (24 in 12 months) 
Recurrent croup (24 in 12 months) 


Combined 
Middle Ear 
Midde Ear Pharyngeal | and Pharyngeal 
Surgery Surgery Surgery No Surgery 
(n = 277) (n= 151) (n z 73) (n = 3,262) 
9o 95950 CI % 9596 CI JY 9590 C] % 9590 CI 
4 2-7 10 5-15 11 4-18 3 2-2 
41 35-47 41 33-49 39 28-50 27 . 25-28 
10 6-13 6 2-10 10 3-13 ] 1-2 
3 1-5 5 2-0 1 0-4 ] 0-2 
7 4-10 6 2-10 7 1-13 3 3-4 
57 . 51-63 30 23-37 51 40-63 8 7-8 
7 4-10 10 5-14 10 3-17 4 3-4 
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TABLE 3. PROPORTION, CRUDE ODDS RATIO, AND ADJUSTED ODDS RATIOS WITH 95% CONFIDENCE INTERVALS 
FOR UPPER AIRWAY SURGERY AMONG PRESCHOOL CHILDREN BY VARIOUS RESPIRATORY INFECTIONS 


No. of Proportion 
Children in of Children 
Each Category Operated On 
Recurrent acute otitis media 
Two or fewer in past year 3,391 0.11 
Three or more in past year 362 0.35 
Recurrent pharyngitis or tonsillitis 
Two or fewer in past year 3,485 0.12 
Three or more in past year 268 0.26 
Recurrent common cold 
Three or fewer in past year 1,805 0.11 
Four or more in past year 1,948 0.16 
Chronic rhinitis (28 missing) 
Less than weekly in past year 3,598 0.03 
Daily or weekly in past year 127 0.28 


Crude Odds 
Ratio 
(95% CI) 


Reference 


7.99 (5.08-12.60) 


Reference 
3.25 (1.84-5.76) 


Reference 
1.85 (1.52-2.24) 


Reference 
2.61 (1.76-3.92) 


Adjusted 
Odds Ratio* 
(95% CI) 


Reference 
6.12 (3.80-9.86) 


Reference 
1.88 (0.98-3.60) 


Reference 
1.61 (1.32-1.98) 


Reference 
2.35 (1.55-3.58) 


Adjusted 
Odds Ratiot 
(9595 CI) 


Reference 
5.19 (3.15-8.54) 


Reference 
1.74 (0.90-3.38) 


Reference 
1.59 (1.28-1.97) 


Reference 
2.16 (1.41-3.43) 


Reference category is children without recurrent infections. Note: information on health outcomes is missing in 19 to 59 cases. 
* Adjusted odds ratios as controlled for respective respiratory infections in Table. 


TAdjusted odds ratios as controlled for gender, birth weight, maternal education, atopic disease, recurrent acute otitis media, recurrent tonsil- 


litis or pharyngitis, recurrent common cold, and rhinitis. 


constitutional and socioeconomic factors. The risk 
for surgery was higher in children who experienced 
recurrent acute otitis media (crude OR = 7.99; 95% 
CI, 5.08 to 12.60), pharyngitis or tonsillitis (crude 
OR = 3.25; 95% CI, 1.84 to 5.76), common cold 
(crude OR = 1.85; 95% CI, 1.52 to 2.24), or chronic 
rhinitis (crude OR = 2.61; 95% CI, 1.76 to 3.92). 
Table 3 shows a weakened effect of otitis media when 
controlling for other infections (6.12; 95% CI, 3.80 
to 9.86), indicating an independent effect of the num- 
ber of infections on surgery. 


Constitutional and Socioeconomic Determinants 
of Surgery. The relationships of the risk of surgery 
to constitutional and socioeconomic factors are 
shown in Table 4. The risk of surgery was higher in 
boys, atopic children, and low-birth weight children. 
When other infections were adjusted for, only the 
effect of atopy remained (ORadj = 1.58 [95% CI, 1.20 
to 2.07]). Alow level of maternal education was also 
a strong determinant of surgery. Compared to the ref- 
erence category of 15 years or more, the ORadj of 
surgery was 1.38 (95% CI, 1.08 to 1.77) for 12 to 15 


TABLE 4. PROPORTION, CRUDE ODDS RATIO, AND ADJUSTED ODDS RATIOS WITH 95% CONFIDENCE 
INTERVALS FOR UPPER AIRWAY SURGERY AMONG PRESCHOOL CHILDREN BY CONSTITUTIONAL 
AND SOCIOECONOMIC FACTORS 


Crude Odds Adjusted Adjusted 
Ratio : A Odds Ratio* Odds Ratiof 
(95% CI) (9596 CI) 


(95% CI) 


No. of Proportion 
Children in of Children 
Each Category Operated On 
Gender 
Male 1,934 0.14 
Female 1,829 0.12 
Birth weight 
$2,500 g 188 0.18 
22,500 g 3,331 0.13 
Atopic disease 
Yes 482 0.12 
No 3,210 0.22 
Maternal education l 
<12 y 258 0.17 
12-15 y 2,459 0.14 
»15y 1,013 0.10 


Note: information on health outcomes is missing in 15 to 59 cases. 


1.24 (1.03-1.50) 
Reference 


1.45 (1.00-2.14) 
Reference 


2.12 (1.67-2.69) 
Reference 


1.85 (1.26-2.70) 
1.43 (1.13-1.81) 
Reference 


1.21 (0.99-1.48) 
Reference 


1.40 (0.94-2.08) 
Reference 


2.01 (1.56-2.58) 
Reference 


1.60 (1.06-2.41) 
1.36 (1.07-1.77) 
Reference 


1.18 (0.96-1.45) 
Reference 


1.31 (0.87-1.98) 
Reference 


1.58 (1.20-2.07) 
Reference 


1.61 (1.05-2.47) 
1.38 (1.08-1.77) 
Reference 


* Adjusted odds ratios as controlled for gender, birth weight, maternal education, atopic disease. 


tAdjusted odds ratios as controlled for gender, birth weight, maternal education, atopic disease, recurrent acute otitis media, recurrent tonsil- 
litis or pharyngitis, recurrent common cold, and rhinitis. 
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years of education, and 1.61 (9596 CI, 1.05 to 2.47) 
for the low-education category. 


DISCUSSION 


[n our population-based cross-sectional study, we 
found that upper airway surgery in Oslo is common 
during the first 4 years of life. Upper respiratory tract 
infections strongly determine surgical practice, but 
there seems to be substantial variation in the choice 
of procedure as a response to different types of infec- 
tion. In addition, both the child's physical characteris- 
tics, such as atopy and low birth weight, and maternal 
education were determinants for subsequent surgery. 


The cross-sectional study design allows a valid es- 
timation of the occurrence of surgery in the study 
population, but there may be some limitations in the 
inference from the associations between infections 
during the past year and surgery. The main concern 
is the timing of surgery. If the surgery took place 
more than | year earlier than the data collection, it 
could have influenced the occurrence of infections 
during the past year. Most likely, however, the ma- 
jority of children underwent surgery within 12 months 
of the data collection. In a previous study, the mean 
age for pediatric surgery in Oslo hospitals was as 
high as 4!/2 years, and only 25% of all children who 
underwent surgery did so before 34 months of age, 
the average age for the retrospective report of infec- 
tions in our study.’ 


Upper respiratory tract infections are common in 
children, and treatment recommendations include 
both medical and surgical interventions.!? Conse- 
quently, otolaryngological procedures are the most 
common type of surgery in childhood.^? In the de- 
cision-making for surgery, a dilemma is to balance 
between unnecessary operations and withholding 
operations from children who would benefit from sur- 
gery. To optimize surgical practice, it is necessary to 
know about the prevailing practice. To our knowledge, 
the present study is the first comprehensive report of 
the occurrence of otolaryngological surgery in early 
childhood in any population. Our population-based 
estimate of upper airway operations in 13% of chil- 
dren confirms that individualized surgical treatment 
of respiratory infections is common. Kogan et alë 
reported a prevalence of 796 for ventilation tubes in 
a sample of 3-year-old US children, but did not give 
figures for other surgical procedures in the upper air- 
ways. 


Different types of surgical procedures for upper 
airway infections have evolved over the past 30 years 
in clinical practice. The usefulness of different proce- 
dures in various respiratory problems has not been 


studied systematically; hence, the indications for pha- 
ryngeal and middle ear surgery have fluctuated.’ 
The guidelines have allowed a substantial choice of 
treatment according to the physician’s individual 
preference.! ^ The variation in type of surgical treat- 
ment in our study reflects the current controversy 
and uncertainty concerning the indications for these 
procedures.? For example, although short-term bene- 
fits of myringotomy have been shown in the treatment 
of otitis media, the long-term benefits and compli- 
cations deserve further study.!? Further, there is little 
supportive evidence of the efficacy of adenoidectomy 
for otitis media in younger children.? 


The finding that the type of upper respiratory tract 
infection did not specifically predict the type of sur- 
gery suggests that factors other than infectious symp- 
toms influence physician practice. !? This is consistent 
with a study from the United States that showed that 
other factors than set criteria influence the decision 
for ventilation tube insertion. Physicians reviewing 
the indications for tympanostomy tubes were in favor 
of surgery in as many as 79% of the cases, when 
only 29% of the cases supported the criteria set for 
surgical treatment.!! Another study among US chil- 
dren found that differences in who receives ventila- 
tion tubes are partly explained by type of health in- 
surance and low birth weight.’ Correspondingly, in 
our study there was a tendency for low birth weight 
to increase the probability of surgery. Interestingly, 
in the Norwegian public health care system, the level 
of education, rather than the wealth of the parents, 
seems to influence the probability of surgery. We 
found it striking that children of mothers with a low 
level of education and probably of lower socioeco- 
nomic status are more likely to undergo surgery. 


It is known that upper respiratory tract infections 
are common in childhood and that the incidence de- 
clines with age.!?-!^ In our study, outpatient middle 
ear and pharyngeal operations were significantly re- 
lated to acute otitis media, common colds, and chron- 
ic rhinitis. Recurrent otitis media, the most common 
cause for upper airway surgery,!°-!® increased the 
probability for surgery fivefold. Our results confirm 
that children with infections undergo surgery. Fur- 
thermore, the similarity in prevalence of respiratory 
infections between the pharyngeal and middle ear 
surgery subgroups suggests that we tend to identify 
children who are predisposed to nonspecific infec- 
tions, rather than children with a specific recurrent 
respiratory infection.!?.!7.!* Consequently, the type 
of upper respiratory tract infection does not seem to 
be related to one specific surgical procedure or spe- 
cific surgical combination. Atopy was a determinant 
of surgery even after adjustment for infections. This 
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result could be explained by poor adjustment for in- 
fections, but it may indicate that atopic children in 
general are more readily submitted to surgery. 


The present results indicate that decisions for the 
most common surgery in childhood vary substantially 
and are not closely related to specific infections. The 
influence of other factors, such as maternal education, 
indicates that the decisions may not be based on med- 
ical evidence. This finding emphasizes the need for 
information on the current clinical practice and fur- 
ther study of the efficacy of different surgical proce- 
dures in different types of clinical problems. 


CONCLUSION 


Early pediatric otolaryngological surgery is com- 
mon; by 4 years of age, 13% of children have under- 
gone surgery, and approximately two thirds of these 
operations involve middle ear surgery. In spite of ex- 
isting treatment guidelines for middle ear and pharyn- 
geal disease, combinations of surgical treatments are 
numerous. Respiratory infections and atopic disease 
are determinants of upper respiratory tract surgery. 
Furthermore, children are at increased risk for pedi- 
atric surgery in families with a lower level of maternal 
education. 
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ATRIAL NATRIURETIC PEPTIDE RECEPTOR UPREGULATION IN THE 
RAT INNER EAR 
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The purpose of this study was to further examine whether fluid homeostasis in the endolymphatic system could be regulated by 
a locally effective paracrine system involving atrial natriuretic peptides (ANPs) and their receptors. We assessed the biologic activity 
of the 3 ANP receptors (ANP-A, ANP-B, ANP-C) in the rat inner ear by measuring receptor upregulation after inner ear administra- 
tion of ANPs. After appropriate anesthesia, female Lewis rats were injected with ANP via the round window. The animals were 
sacrificed 24 hours later, and RNA was isolated for reverse transcription—polymerase chain reaction (RT-PCR). Electrophoresis of 
RT-PCR products showed the presence of all 3 ANP receptor genes in both injected and control animals. Gene expression was 
significantly higher 24 hours after injection. These findings demonstrate that ANP receptors in the inner ear can be upregulated after 


injection of ANPs. 


KEY WORDS — ANP receptor, atrial natriuretic peptide, endolymphatic sac, Meniere’s disease, receptor upregulation. 


INTRODUCTION 


Dysfunction of the endolymphatic sac (ELS) is 
thought to be the underlying cause of the endolym- 
phatic hydrops associated with Meniere’s disease, 
which has no accepted cure.! It is believed that en- 
dolymph is produced by active transport of electro- 
lytes in the stria vascularis of the cochlea and the 
dark cell epithelium of the vestibular organ, and that 
it is subsequently reabsorbed by the ELS.! The ELS 
epithelium synthesizes and secretes certain complex 
molecules, including hyaluronan, into the ELS lumen 
and is postulated to be involved in the sensitive regu- 
lation of endolymphatic volume and pressure.’ 


Recent research has suggested a possible role of 
atrial natriuretic peptides (ANPs) in the regulation of 
inner ear fluid.?? The ANPs are a group of hormones 
originally identified in mammalian atrial cardiocytes 
in the early 1980s.°8 They are known to exert a 
smooth muscle effect, with vasodilatation, diuretic, 
and natriuretic activities in the kidney. Natriuretic 
peptides (ANP, brain natriuretic peptide [BNP], and 
C-type natriuretic peptide [CNP]) have been located 
in other extracardiac sites, such as the adrenal cor- 
tex, lung parenchyma, gallbladder, ciliary body of the 
eye, and choroid plexus of the brain.?-!* More re- 
cently, ANP receptors have been demonstrated in the 
inner ear of the guinea pig, with ANP-like activity 
located in the cochlea, the secretory epithelium of 


the vestibular organ, and the ELS.??^ 


In a separate study, we were able to demonstrate 
ANP receptor subclasses ANP-B and ANP-C in the 
epithelium of human ELS tissue using immunoper- 
oxidase techniques. These findings were confirmed 
by reverse transcription-polymerase chain reaction 
(RT-PCR) techniques in the human tissue.!?^ The pres- 
ence of these receptors suggests that the inner ear 
may have a paracrine or autocrine activity for the 
regulation of labyrinthine fluid and electrolytes. The 
purpose of the present study was to assess the bio- 
logical activity of the 3 ANPreceptors (ANP-A, ANP- 
B, ANP-C) in the rat inner ear by measuring recep- 
tor upregulation after inner ear administration of 
ANPs. 


MATERIALS AND METHODS 


Twelve female Lewis rats, 7 to 10 weeks old and 
weighing approximately 200 g, were injected with 2 
uL of ANP (rat atrial natriuretic factor [rANF], 28 
amino acids, Peninsula Laboratories, Inc, San Carlos, 
California) dissolved in phosphate-buffered saline so- 
lution at a concentration of 500 ng/uL. The animals 
were anesthetized with 200 mg/kg sodium pentobar- 
bital, and through a postauricular incision, the mas- 
toid bulla was opened and the round window exposed 
under the operating microscope. By means of a 30- 
uL syringe and 28-gauge needle bent at a 45° angle, 
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the ANP was injected into the round window on the 
morning of day 1. The contralateral ear was not in- 
jected. The animals were then painlessly sacrificed 
the morning of day 2 (24 hours after injection). The 
otic capsule, including the ELS, and other organs 
(heart, liver, muscle, kidney, brain, lung, and uterus) 
were harvested and snap-frozen in liquid nitrogen. A 
similar procedure was performed on 12 control ani- 
mais that had not received ANP injection. Kidney tis- 
sue was used as a positive control. 


Toisolate RNA for RT-PCR, the harvested otic cap- 
sule and ELS tissue were retrieved from the liquid 
nitrogen and homogenized with a Polytron. TRIzol 
reagent was added at a concentration of 1 mL per 
100 to 200 mg tissue (TRIzol Reagent, Life Technol- 
ogies, Gibco BRL, Rockville, Maryland), and the ma- 
terial was spun at 14,000 rpm for 10 minutes. The 
supernatant was transferred to a new tube, mixed with 
200 uL chloroform, and spun. The supernatant was 
then isolated and mixed with 500 uL of 2-propanol. 
The material was cooled to —20?C for 30 minutes, 
then spun at 14,000 rpm for 20 minutes. The pellet 
was washed twice with 75% ethanol, then dissolved 
in 20 to 100 uL diethyl pyrocarbonate-water (DEPC- 
H20). The optical density was measured at 260 nm 
to obtain the RNA concentration. 


The RNA was then purified by DNase treatment. 
A total of 30 ug RNA in 51 uL DEPC-H20 was 
mixed with 10x DNase I buffer (6 WL) and 1 unit/uL 
DNase I (3 uL; Clontech, Palo Alto, California) and 
incubated at 37°C for 30 minutes. To this was added 
10x termination buffer (6 uL), followed by 66 uL 
phenol:chloroform (1:1). The solution was spun at 
14,000 rpm for 10 minutes. The supernatant was iso- 
lated, mixed with 66 uL chloroform, and spun at 
14,000 rpm for 10 minutes. The top aqueous layer 
was transferred and mixed with 1/10 volume of 3 
mol/L sodium acetate and 2 volumes of ethanol and 
cooled for 30 minutes on ice. The mixture was spun, 
and the pellet was washed and then dissolved in 
DEPC-H20. This yielded 10 to 20 ug of purified 
RNA. 


We performed RT-PCR using the reverse transcrip- 
tion procedure from Amersham Pharmacia Biotech 
(Piscataway, New Jersey, “First-Strand cDNA Syn- 
thesis"). Briefly, a total of 5 ug RNA in 33 uL of 
DEPC-H20 was heated at 65°C for 10 minutes and 
then chilled on ice for 2 minutes. The RNA solution 
was transferred to a tube containing First-Strand Re- 
action Mix Beads; 2 uL of random primer was added, 
and the contents were mixed by gentle vortex, then 
incubated at 37°C for 60 minutes. The total volume 
of first-strand complementary DNA (cDNA) was 35 
uL. Using the cDNA as a template, we designed the 


primers of ANP receptors A, B, and C as follows: 
ANP-A receptor (length, 454 bp): sense 5'-GAG- 
AACAGCAGCAACATCCT-3 ', antisense 5 -AGC- 
GCACAGCATCCAGTAGT-3'; ANP-B receptor 
(403 bp): sense 5-GGAAAAACTGGTGGAGGA- 
GC-3', antisense 5-AATGCGGAAGGAAGAAAC- 
TG-3'; ANP-C receptor (258 bp): sense 5'-GCG- 
AAGCCTGAGTTTGAGAA-3,, antisense 5'-ATA- 
CCGATCCCCATTAGCAT-3' and reduced glycer- 
aldehyde-phosphate dehydrogenase (345 bp): sense 
5'-AGGCTGAGAATGGGAAG-3, antisense 5'- 
AGTACTCGGGAAGGTGC-3'. 


The PCR reaction conditions were as follows: de- 
naturation at 94°C for 2 minutes, followed by 35 cy- 
cles of 94°C for 30 seconds, 55°C for 1 minute, and 
72°C for 1 minute. The PCR mixture was incubated 
for 10 minutes at 72?C after the amplification cycles, 
then stored at 4°C or used immediately for electro- 
phoresis. 

RESULTS 


All 3 ANP receptor genes were present in the in- 
ner ears of both injected and control animals (see 
Figure), and the expression of the 3 ANP receptors 
was significantly higher 24 hours after ANP injec- 
tion. Quantitative expression was performed with a 
densitometer. In order to determine the relative level 
of expression for each receptor subclass, we used kid- 
ney as the positive control for comparison. The av- 
erage relative expression after injection was 90.3% 
for ANP-C (range, 86% to 99%), 84% for ANP-A 
(range, 83% to 88%), 76.5% for ANP-B (range, 68% 
to 87%), and 53.5% for noninjected controls (aver- 
age of all receptor subclasses; range, 52.3% to 56%). 


DISCUSSION 


Recent studies have shown that ANPs and ANP- 
like receptors exist in the inner ear. Their involve- 
ment with fluid homeostasis in other organ systems 
would indicate that they could be involved in normal 
inner ear fluid regulation. Our current understand- 
ing of natriuretic peptides; their specific receptors; 
and their natriuretic, diuretic, and vasodilator effects 
is the result of numerous studies already performed 
on cardiac and renal tissue.6-9.15 


Three types of natriuretic peptide receptors have 
been identified and characterized. Two of these, ANP- 
A and ANP-B, represent the bioactive receptors. !6!7 
They consist of an extracellular domain for natriuretic 
peptide binding, a single transmembrane domain, a 
single ATP-binding domain for natriuretic peptide 
binding, and a guanylyl cyclase moiety.!8 By activat- 
ing guanylate cyclase, intracellular cyclic guanosine 
monophosphate concentrations increase and serve as 
a second messenger at the cellular level in various 
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A, B) ANP-B, and C) ANP-C genes in inner 
ears of control (Con 1-4) and injected animals 
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target tissues.!? Recently, a third receptor, ANP-C, 
was identified.2? ANP-C, which is not coupled to gua- 
nylate cyclase, is thought to be biologically silent 
and serve as a specific clearance binding site for natri- 
uretic peptides.*! The 3 natriuretic peptides have been 
shown to exhibit different binding affinities to the 3 
receptor subtypes.^? ANP-A receptors preferentially 
bind ANP over BNP, with little reactivity for CNP. 


ANP-B receptors appear to be highly selective for 
CNP, with an affinity that is 50- to 500-fold higher 


than for ANP or BNP. ANP-C receptors bind all 3 
natriuretic peptides, but with a rank order of ANP > 
BNP > CNP. 


On the basis of the knowledge that natriuretic pep- 
tides are located within extracardiac tissues known 


Exp3 F xp4 


to play a role in the maintenance of fluid-electrolyte 
homeostasis (ie, ciliary process of the eye, choroid 
plexus of the cerebral ventricles), it has been postu- 
lated that they may also be present in the inner ear 
and have a similar activity. Lamprecht and Meyer 
zum Gottesberge? and Meyer zum Gottesberge et al^ 
demonstrated the presence and localization of ANP 
receptors within the inner ear of the guinea pig. By 
means of autoradiographic techniques with radiola- 
beled ANP/CDD (atrial natriuretic peptide/cardiodi- 
lantin), receptors were localized to the stria vascu- 
laris, the organ of Corti, spiral ganglion cells, and 
the epithelial layer of the pars rugosa of the endolym- 
phatic sac. Additional studies have also confirmed 
the presence of peptide receptors in the inner ear.?-2? 
A study by Rachel et al?^ has shown that infusion of 
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ANP directly into the inner ear of guinea pigs par- 
ticipates in the regulation of vestibular blood flow. 
A more recent study even suggests that epithelial cells 
of the ELS contain an endogenous hormone, tenta- 
tively named saccin, that exerts a strong natriuresis.2? 
In 1997; Krause et al% identified ANP receptors with- 
in the inner ear tissue obtained from guinea pigs by 
RT-PCR. They also identified a new guanylyl cy- 
clase receptor, GC-C, which is normally present in 
the intestines. 


The findings reported here for our current animal 
study represent the next step in the analysis of ANP 
receptors in the inner ear. The biological activity of 
these receptors was shown by their upregulation af- 
ter injection of ANPs, supporting the hypothesis that 
fluid homeostasis in the endolymphatic system could 
be regulated by a locally effective paracrine system 
involving the ANP system, analogous to other organ 
systems in the body. The exact mechanism of action 
has not yet been elucidated, but intuitively would in- 
volve either regulation of fluid production by the stria 
vascularis or absorption by the ELS. 


Although the ELS was once thought to represent 
a vestigial organ of embryogenesis, it is now known 
to have an essential role in inner ear homeostasis. 
The systemic administration of hypertonic agents, 
such as glycerol, has been shown to provoke a tran- 


sient improvement in hearing in patients with the en-. 





dolymphatic hydrops associated with Meniere’s dis- 
ease, although the mechanisms for this were initially 
unclear.*’ More recent animal research has demon- 
strated morphological changes in the ELS associated 
with the systemic administration of glycerol. These 
changes include increased metabolic activity, with 
the secretion of osmotically active glycoproteins into 
the lumen of the sac, and subsequent lysis and break- 
down of these substances. It has thus been suggested 
that the ELS influences fluid homeostasis in the en- 
dolymph system through the modulation of the os- 
motic milieu of this space, with the secretion of os- 
motically active substances into its lumen; however, 
the mechanism of action is unknown.?? 


It is conceivable that ANPs could be involved in 
this mechanism. It 1s likewise possible that the ANP 
system could be involved in fluid production by the 
stria vascularis.?^ The natriuretic properties of ANPs 


. In the kidney are well known, and their association 


with excretory organs, such as the gallbladder and 
choroid plexus, supports this notion. One must rec- 
ognize, however, the limitation of this study. While 
it is significant that the biological activity of ANP 
receptors in the inner ear has been demonstrated, their 
association with fluid transport in the endolymphatic 
system is, at this point, only conjecture. Animal stud- 
ies are currently ongoing at this institution to inves- 
tigate these unique peptides and define their role 
within the inner ear. 
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FUNCTIONAL ANATOMY OF THE TENSOR VELI PALATINI MUSCLE 
AND OSTMANN’S FATTY TISSUE 


KENJI TAKASAKI, MD, DMSC ISAMU SANDO, MD, DMSC 
CAREY D. BALABAN, PHD MAKOTO MIURA, MD, DMSC 
PITTSBURGH, PENNSYLVANIA 


This study examined morphological features of the tensor veli palatini muscle (TVPM) and Ostmann's fatty tissue that may be 
important for eustachian tube (ET) ventilation. Histologic sections through the midcartilaginous ET from 17 human temporal bone- 
ET specimens (age range, 3 months to 88 years) were used to assess 1) the presence or absence of attachment of the TVPM fibers to 
either the perichondrium of the ET cartilage lateral lamina (LL) or a tendinous membrane along the medial margin of the TVPM, 2) 
the angular relationship between the TVPM fibers and the vertical axis of the ET lumen, and 3) the location of the TVPM and 
Ostmann's fatty tissue. The TVPM fibers were attached to the LL perichondrium in 14 cases; an attachment was absent in 3 cases 
because of fatty atrophy of the TVPM. However, the TVPM fibers were inserted into the tendonlike membrane in all cases. The angle 
of insertion of TVPM fibers into the membrane was significantly more acute (relative to the vertical ET axis) in the inferior aspect 


. than in the superior aspect of the membrane both in young children (3 months to 4 years; mean € SD, 39.0? + 15.1? superiorly to 


23,8? + 17.0? inferiorly) and in older subjects (8 to 88 years, 30.4? + 11.6? superiorly to 15.7? + 11.2? inferiorly; t-test, p « .001). The 
location of Ostmann's fatty tissue accompanied the TVPM throughout the cartilaginous ET. These data suggest that contraction of 


. the TVPM moves the LL inferolaterally to open the superior aspect more than the inferior aspect of the lumen and that Ostmann's 


fatty tissue will limit the opening of the ET Iumen, especially that of its inferior aspect. 
KEY WORDS — eustachian tube, human temporal bone, Ostmann's fatty tissue, tensor veli palatini muscle. 


INTRODUCTION specimens that included the ET and the ET cartilage, 

The eustachian tube (ET) has 3 functions: venti- the IVP M, and Ostmann's fatty tissue.!! They were 
lation, protection, and clearance of the middle ear.! obtained from 17 individuals without congenital 
Contraction of the tensor veli palatini muscle (TVPM; anomalies or a history of ear disease. Six specimens 
Fig 1), which arises from the perichondrium of the (group A) ranged in age from 3 months to 4 years at 
lateral lamina (LL) of the ET cartilage and the lat- death. Eleven specimens (group B) ranged in age 
eral membranous wall of the ET, appears to play a from 8 to 85 years at death. These age groups were 
primary role in the opening of the ET for ventilation selected because the incidence of otitis media de- 
of the middle ear.^7 However, the biomechanics of creases markedly at 8 years of age.!° 
the actions of the TVPM during opening of the ET The specimens were fixed in 10% formalin, decal- 
are poorly understood. cified in 5% trichloroacetic acid, dehydrated in graded 

Ostmann's fatty tissue,’ located between the TVPM concentrations of ethanol, and embedded in celloi- 
and the ET lumen, is thought to apply static pressure din. Serial 30-um-thick histologic vertical sections 
on the lateral aspect of the ET lumen when the TVPM were cut in the plane perpendicular to the long axis 
is relaxed (Fig 1).99.19 This static pressure would tend of the ET. Every 20th section was stained with he- 
to close the ET by compressing the lumen. However, — matoxylin and eosin for light microscopic study."! 
its potential actions during active TVPM contraction The approach for studying the functional anatomy 
have not been considered. The purpose of this study of the TVPM for ET opening is summarized in Fig 
was to make an effort to understand the functional 2, First, a line connecting the uppermost and lower- 
anatomy of the TVPM and Ostmann’s fatty tissue most points of the margin of the ET lumen at the 
for ET ventilation by histologic observation of hu- midcartilaginous portion of the ET was defined as 
man temporal bone-ET specimens. the vertical axis of the ET. The attachment of the 


TVPM fibers to the perichondrium of the LL of the 
MATERIALS AND METHODS ET cartilage and the tendonlike membrane of the 
This study examined 17 human temporal bone-ET TVPM (Fig 1) was then examined at 5 sites in the 
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Fig 1. Photomicrograph of cross section through midcar- 
tilaginous portion of eustachian tube (ET) of 1-year-old 
boy. Arrows — tendinous membrane of tensor veli pala- 
tini muscle (TVPM); LL — lateral lamina of ET carti- 
lage; LVPM — levator veli palatini muscle; ML — medial 
lamina of ET cartilage; OF — Ostmann’s fatty tissue. 








same section, designated as region x and regions a 
through d in Fig 2. The tendonlike membrane of the 
TVPM was attached to the site adjacent to the most 
inferior edge of the LL of the ET cartilage. We des- 
ignated this site as the tip of the LL. Site x was de- 
fined as the point on the perichondrium of the LL at 
which the lateral surface of the LL crossed the line 
that was perpendicular to the vertical axis of the ET 
and through the midpoint between the upper margin 
of the ET lumen and the tip of the LL. Sites a through 
d were located on the tendonlike membrane of the 
TVPM. Site a was located at the tip of the LL. Site b 
was located at the point at which the tendonlike mem- 
brane of the TVPM crossed the line that was perpen- 
dicular to the vertical axis of the ET and through the 
midpoint of the vertical length of the ET lumen. Simi- 
larly, site d was located at the point at which the ten- 
donlike membrane of the TVPM crossed the line that 
was perpendicular to the vertical axis of the ET and 
through the inferior tip of the ET lumen. Site c was 
equidistant from sites b and d. Finally, the angle be- 
tween the most medial TVPM fibers and the vertical 
axis of the ET was measured at each of the 5 sites (x 
and a through d). Hypotheses regarding differences 
in the angles of insertion of the TVPM between sites 
x and a through d (within-subjects factor) and be- 





“Tendon-like membrane of TVPM " 


Fig 2. Schematic drawing of midcartilaginous portion of 
eustachian tube (ET) and its surrounding structures. 
Straight solid line is made connecting most upper and 
lower points of margin of ET. Five thick dotted lines are 
parallel to solid line. Arrows indicate directions of ten- 
sor veli palatini muscle (TVPM) fibers at site of 5 repre- 
sentative points: x, a, b, c, and d. LL — lateral lamina; 
LVPM — levator veli palatini muscle; ML — medial lam- 
ina; OF — Ostmann’s fatty tissue. 


tween age groups (between-subjects factor) were ana- 
lyzed by repeated measures analysis of variance 
(ANOVA) and Bonferroni-corrected t-tests. 


A different approach was used to assess the extent 
of the insertion of the tendonlike membrane to the LL 
and the extent of Ostmann's fatty tissue. First, the 
pharyngeal orifice of the ET was defined in each speci- 
men as the most anterior section containing a com- 
plete cross section of the mucosal lining of the ET. 
This plane was equivalent to the posterior-lateral end 
portion of the torus tubarius. The tympanic orifice of 
the ET was defined as the most posterior ET cross 
section in proximity to the anterior-superior margin 
of the tympanic annulus. This plane distinguished the 
ET from the tympanic cavity. Second, the ET was di- 
vided into cartilaginous, junctional,'^ and bony por- 
tions on histologic sections. Third, the insertion of 
the TVPM to the ET cartilage was defined as the site 
at which the tendonlike membrane of the TVPM at- 
taches to the perichondrium of the tip of the LL. Simi- 
larly, the location of Ostmann’s fatty tissue along the 
ET was defined as the site at which fatty tissue lies 
between the ET lumen medially and the TVPM later- 
ally. Finally, the percentage distances from the pha- 
ryngeal orifice of the ET (relative to the length of the 
ET!4) to both the anterior margin and the posterior 
margin of each tissue were calculated for each case. 
Unpaired t-tests were used to test the hypothesis that 
groups would differ in the relative positions of the 
anterior and posterior margins of the TVPM insertion 
and Ostmann’s fatty tissue along the ET. 
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Fig 3. Photomicrographs illustrate 3 representative sites (x, a, 
and c) for assessing orientation of tensor veli palatini muscle 
(TVPM) fibers within midcartilaginous portion of eustachian 
tube (H & E). A,B) High-power views at portions A) x and B) a 
in 8-year-old boy. C) High-power view at portion c in |-year- 
old boy. Note attachments of TVPM fibers both A,B) to peri- 
chondrium of lateral lamina (LL) of ET cartilage (asterisks) 
and B,C) to tendonlike membrane of TVPM (stars) 
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RESULTS 


ment of the TVPM fibers to the perichondrium of 
the LL) were 42.7° + 14.1° (mean + SD; n = 9) in 
group A (Fig 4A) and 36.1° + 10.6° (n = 8) in group 
B (Fig 4B); these angles did not differ significantly 
between groups. The angles of insertion into the ten- 
donlike membrane decreased monotonically from site 
a to site d in both group A and group B (repeated 
measures ANOVA, F3,45 = 12.0, p< .001). In group 
A (Fig 4A), the insertion angles were 39.0° + 15.1° 


The TVPM fibers inserted directly into the peri- 
chondrium of the LL (Fig 3A) in 14 of the 17 cases. 
Age-related fatty atrophy of the TVPM!> disrupted 
the insertion into the LL in the remaining 3 cases 
(ages 10, 73, and 85 years). By contrast, the inser- 
tion of TVPM fibers into the tendonlike membrane 
was robust in all cases (Fig 3B,C). 


The angles of insertion of the TVPM into the tip 
of the LL and into the tendonlike membrane did not 
differ significantly between groups. The mean val- 
ues of the TVPM insertion angles at site x (attach- 


at site a, 31.5° + 12.5° at site b, 26.0° + 12.0° at site 
c, and 23.8° + 17.0° at site d. For group B (Fig 4B), 
the angles of insertion of the TVPM fibers were 30.4° 
+ 11.6° at site a, 20.9° + 13.6° at site b, 16.1° + 12.3° 
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Fig 4. Orientation of tensor veli palatini muscle (TVPM) fibers with respect to eustachian tube lumen at 5 representative sites 


(x, a, b, c, and d). A) Group A (younger). B) Group B (older). 
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Fig 5. Spatial relationships between eustachian tube (ET), attachment of tensor veli palatini muscle (TVPM) fibers to lateral 
lamina (LL) of ET cartilage, and Ostmann's fatty tissue. A) Group A (younger). B) Group B (older). 


at site c, and 15.7? + 11.2? at site d. However, there 
were no significant differences between the angles 
of insertion in the two groups (repeated measures 
ANOVA; main effect of group; F1,15 = 2.8; p=.1131) 
or the angles of insertion at x and a in either group A 
or group B (t-test, p > .5). 


The mean locations of the anterior margin and pos- 
terior margin of the TVPM were 12.4% + 6.3% and 
44.0% + 11.9% of the length of the ET (from the 
pharyngeal orifice) in group A (Fig 5A) and 15.9% 
+ 10.2% and 48.7% + 8.1% of the length of the ET 
in group B (Fig 5B). These locations did not differ 
significantly between groups. The mean locations of 
the anterior margin and posterior margin of Ost- 
mann's fatty tissue were 11.6% + 9.0% and 46.3% + 
14.9% in group A (Fig 5A) and 4.6% + 8.4% and 
58:4% + 9.5% in group B (Fig 5B), respectively. In 
group A (children 3 months to 4 years old), the bor- 
ders of the TVPM and Ostmann’s fatty tissue were 
aligned; ie, neither the locations of the anterior mar- 
gins of the TVPM and Ostmann’s fatty tissue (¢-test; 
t(10) = 0.182, p = .859) nor the locations of the pos- 
terior margins of the two structures (¢-test, (10) = 
0.301; p = .767) differed significantly. However, in 
group B (specimens greater than 8 years old), the 
borders of Ostmann’s fatty tissue extended beyond 
the borders of the TVPM. The anterior margin of Ost- 
mann’s fatty tissue extended anteriorly to the corre- 
sponding border of the TVPM (t-test; (20) = 2.860; 
p = .0097), and its posterior margin extended posteri- 
orly to the posterior border of the TVPM (t-test; £(20) 
= 2.597; p = .0175). 


DISCUSSION 


Contraction of the TVPM has been thought to open 
the ET lumen by actions at 2 sites: 1) insertion of 
fibers into the perichondrium of the LL of the ET 
cartilage? and 2) insertion of fibers into the lateral 
membranous wall of the ET.’ The latter fibers were 
termed dilatator tubae by Rood and Doyle,!6 reflect- 


ing the assumption that they dilate the lumen by an 
inferolateral displacement of the membrane. How- 
ever, this view could be discussed with the findings 
reported by Matsune et al? that the lateral membra- 
nous wall of the ET inserts into the perichondrium 
of the tip of the LL of the ET cartilage. This finding 
implies that the net action of the TVPM is directed 
at the tip of the LL, via both direct actions and trac- 
tion on the LL via the tendinous lateral wall of the 
ET. Because both of these actions pull the tip of the 
LL inferolaterally, the lateral membranous wall of the 
ET is more appropriately termed a tendinous mem- 
brane of the TVPM. Further, Sando et al® hypothe- 
sized that this inferolateral movement of the LL, due 
to the contraction of the TVPM, is an efficient mecha- 
nism for active ET opening and that the ET ventila- 
tion is maintained mainly in the upper (superior) half 
of the ET lumen. However, we should also be aware 
that the action of the TVPM may produce a certain 
lateral movement of the membrane, causing direct 
dilation of the lateral wall of the ET lumen. 


Previous studies have reported that the TVPM is 
oriented at an angle of approximately 10? relative to 
the ET lumen and at an angle of approximately 80° 
relative to the LL of the ET cartilage.!^18 However, 
it appeared from the histologic sections that the angle 
of insertion of the TVPM fibers varied between the 
tip of the LL and the inferior margin of the insertion 
into the lateral wall of the ET. Thus, the present study 
measured the angle between the TVPM fibers and 
the ET lumen at 5 standard sites relative to the verti- 
cal axis of the ET, ranging from the lateral tip of the 
LL to the level of the inferior margin of the ET lu- 
men. 


One main finding of this study is that the angle 
between the TVPM. and the vertical axis of the ET 
lumen decreases in a superoinferior direction. This 
angle of action of the TVPM deviates approximately 
40? from vertical at the level of the LL tip, but it 
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deviates only 15? to 20? from vertical at the level of 
the inferior margin of the ET lumen. This finding 
suggests that contraction of the TVPM will pull the 
LL inferolaterally, dilating the superior aspect of the 
ET lumen more than the inferior aspect. Two factors 
appear to contribute to this action: 1) TVPM fibers 
that insert directly into the LL and the junction be- 
tween the tendinous membrane and the LL tip (site 
a) and 2) traction on the tip of the LL by the tendi- 
nous membrane. These considerations suggest that 
one main action of the TVPM is dilation of the supe- 
rior aspect of the ET lumen more than the inferior 
aspect. It will be of interest to determine the degree 
of impairment of ET ventilatory function in patients 





with age-related fatty atrophy of the TVPM fibers 
that insert directly into the LL. 


Ostmann's fatty tissue? forms a pad between the 
tendinous membrane and the ET lumen. It is roughly 
triangular in cross section, with its base located in- 
feriorly and its apex superiorly. Hence, when the ten- 
dinous membrane is shifted inferolaterally by con- 
traction of the TVPM, Ostmann's fatty tissue is ex- 
pected to limit the opening of the ET, especially its 
inferior aspect. Thus, these findings are consistent 
with the hypothesis that contraction of the TVPM 
facilitates ventilatory function mainly in the supe- 
rior aspect of the ET lumen. 
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INTRAMUSCULAR HEMANGIOMA OF THE POSTERIOR BELLY OF 
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Intramuscular hemangiomas of the digastric muscle are rare, We present the fifth case reported and the second to be imaged in 
vivo with magnetic resonance imaging. Accurate preoperative diagnosis of these lesions is difficult, but may be facilitated by a high 
degree of clinical suspicion and imaging. Magnetic resonance imaging using T2-weighted sequencing has been reported to effectively 
highlight these lesions. We present a case in which magnetic resonance imaging failed to highlight an intramuscular hemangioma of 
the posterior belly of the digastric muscle. Possible reasons for this failure are discussed. 


KEY WORDS —- digastric muscle, hemangioma, magnetic resonance imaging. 


INTRODUCTION 


Intramuscular hemangiomas are rare, constituting 
0.8% of all hemangiomas.! Between 14% and 21% 
of all intramuscular hemangiomas occur in the head 
and neck? in which diagnosis is often difficult even 
with accurate preoperative imaging. Hemangiomas 
of the digastric muscle can be difficult to distinguish 
clinically from salivary gland neoplasms?-6; those of 
the posterior belly are frequently mistaken for parotid 
lesions, and those of the anterior belly for subman- 
dibular gland lesions. Magnetic resonance imaging 
(MRI) has been recommended by several authors? 
as the investigation of choice in hemangiomas, as 
these lesions give a high-intensity signal on T2- 
weighted sequencing. 


CASE REPORT 


A 31-year-old woman presented with a 2-month 
history of a gradually enlarging mass in the region 
of her right parotid gland. The mass was associated 
with a dull ache centered at the angle of her jaw. The 
ache occurred approximately twice a week and would 
last for up to 2 hours. It would radiate along the line 
of the sternocleidomastoid muscle. Precipitating fac- 
tors included exercise, warm weather, and stress. She 
denied any trauma to her neck, but in her job as a 
personal assistant, she frequently held a telephone 
to her right ear with her shoulder. 


She had noted a lump in this area 3 years earlier 


and attended another hospital. The physician was un- 
able to palpate any lesion in the parotid region, but 
suspected a mass lower in the neck. Surgical explora- 
tion of the mass identified no lesion. The patient 
thought that the initial lump had disappeared spon- 
taneously. 


On our examination, a fullness was palpable in 
the tail of the right parotid gland. The right sterno- 
cleidomastoid muscle was hypertrophied, and there 
was a transverse scar in the lower part of the neck, 
crossing both the sternal and clavicular heads of this 
muscle. No other abnormalities were detected. Fine- 
needle aspiration yielded only parotid tissue. 


In view of the clinical picture and on discussion 
with the patient, a “wait and watch” policy was 
adopted. She was reviewed 6 months later, and a fur- 
ther fine-needle aspiration was performed. This again 
demonstrated only parotid tissue. An MRI scan (Fig 
1) was then performed, and the report commented 
that the lesion was thought to arise within the deep 
lobe of the parotid gland, but the lack of demarcation 
from the posterior belly of the digastric muscle made 
this location uncertain. On review with these results, 
the patient elected for surgical excision. 


Excision was performed under general anesthesia 
by a standard parotidectomy incision. A superficial 
parotidectomy was performed, allowing identifica- 
tion of the mass in the posterior belly of the digastric 
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Fig 1. Magnetic resonance axial sections at level of parotid gland demonstrate mass (arrows) in right digastric muscle. A) T1 
weighted. Lesion gives low-intensity signal isointense to muscle. B) T2-weighted. Signal intensity of mass is now similar to 
that of parotid soft tissue. Notice areas of signal void within mass due to blood vessels and hemosiderin. 


muscle. The mass was then excised. Histology re- 
vealed a mixed-type hemangioma (Fig 2). 


After the operation, the patient progressed well, 
but did complain of some neuralgic type of pain in 
the area of the wound, which was treated with ami- 
triptyline hydrochloride. On review at 8 months, some 
fibrosis in the scar was palpable, but there was no 
evidence of recurrence. 


DISCUSSION 


Hemangiomas of the head and neck are rare, and 


Fig 2. Mixed vessel hemangioma dem- 
onstrates both capillaries and large ves- 
sels (H & E, original x100). 


intramuscular hemangiomas make up a small per- 
centage of these. The cause of these lesions is un- 
known and is presumed to be congenital, but trauma 
and hormonal influences have been suggested." Only 
4 other cases of hemangiomas of the digastric muscle 
have been reported in the world literature.^^ The re 
vant details of these cases, as well as those of our 
patient, are summarized in the Table.^ Intramuscular 
hemangiomas arising from the posterior belly of the 
digastric muscle have only been reported in 2 other 
cases.? In both, an intraparotid lesion was suspected 
before operation, but the actual site of the neoplasm 





C- 


N E z ` g Ar. 


| 





1052 


Clement et al, Hemangioma of Digastric Muscle 


CLINICAL PRESENTATION, SITE, HISTOPATHOLOGY, INVESTIGATIONS, AND TREATMENT IN FIVE REPORTED 
CASES OF INTRAMUSCULAR HEMANGIOMA OF DIGASTRIC MUSCLE 


Site 
Age at Duration of (Belly of Correct 
Presentation Symptoms Digastric Histopathologic Preoperative 
Authors Date (y) Sex (mo) Pain Muscle) Classification Investigations Diagnosis Treatment 
Clemis 1975 42 E 12 No Posterior Mixed Not stated No Surgical 
et al? excision 
Slack 1989 16 F 5 No Anterior Capillary FNA, radiogra- | No Surgical 
et alt phy, sialography excision 
Sayan 1992 57 F 3 No Anterior Cavernous Radiography, Yes Surgical 
et alf sialography, excision 
CT, US 
Sichel 1998 42 M 3 No Posterior Not stated FNA, CT, MRI No Surgical 
et al? excision 
This 2001 3] E 2 Yes Posterior Mixed MRI No Surgical 
study excision 


FNA — fine-needle aspiration, CT — computed tomography, US — ultrasonography, MRI — magnetic resonance imaging. 


was not identified until the time of surgery. 


One was diagnosed during operation with the aid 
of frozen section, and the other was diagnosed by 
histopathology after the operation. Only 1 of these 
hemangiomas was submitted to MRI before opera- 
tion.® The authors of the report commented that in 
retrospect, they believed that more careful interpre- 
tation of the MRI findings could have led to a more 
precise preoperative diagnosis, because hemangio- 
mas are the only described tumor of the digastric mus- 
cle, and on review of the MRI findings, the mass 
could be seen arising distinctly from the posterior 
belly of the digastric muscle. They also commented 
that the lesion gave a high-intensity signal on T2- 
weighted sequencing MRI, and this finding is con- 
sistent with the diagnosis of a hemangioma. 


Several authors’®-!! have shown that intramuscular 
hemangiomas demonstrate low to intermediate signal 
intensity on T1-weighted MRI but are bright, having 
a high signal intensity, on T2-weighted sequencing. 
On histology, hemangiomas contain variable amounts 
of nonvascular tissue such as fat, smooth muscle, fi- 
brous tissue, myxoid stroma, hemosiderin, thrombus, 
and even, rarely, bone,! as well as vascular elements. 
Phleboliths can also occur and can aid in the radio- 
logic diagnosis. Certain radiologic features on MRI 
are suggestive of hemangiomas: 1) high-intensity 
(bright) signal on T2-weighted imaging; 2) striated- 
septated (serpentine) configuration correlating with 
fibro-fatty septa between endothelial-lined vascular 
channels in lesions greater than 2 cm; and 3) focal 
heterogeneous areas of thrombus, fibrosis, hemoside- 
rin deposition, and/or calcification.^5.!! 


Buetow et al’? commented that the characteristic 
MRI appearances of hemangiomas are due to the 
combination of large vessels, containing stagnant 
blood, and the nonvascular elements, which consist 


predominantly of fatty and fibrous tissues. If the 
brightness on T2-weighted imaging were due mainly 
to the volume of stagnant blood, then small vessel or 
capillary hemangiomas should not give a high-in- 
tensity signal. However, small vessel hemangiomas 
give a high-intensity signal on T2-weighted MRI.?? 
It is possible, in our case, that compression by sur- 
rounding tissues may have prevented stagnation of 
blood in the vessels and was therefore the reason for 
the failure of MRI to highlight our patient's hemangi- 
oma. Sichel et al, however, in reporting the only 
other case of an intramuscular hemangioma of the 
posterior belly of the digastric muscle to have been 
submitted to MRI, said that T2-weighted MRI gave 
a high signal intensity. Therefore, we postulate that 
the most likely reason, in our case, for the failure of 
T2-weighted MRI to show a high-intensity signal was 
the composition of the nonvascular elements. 


The management of intramuscular hemangiomas 
should be individualized, depending on tumor loca- 
tion, accessibility, depth of invasion, patient age, and 
cosmetic considerations.!0.13 Surgical excision has 
long been recommended as the treatment of 
choice,2:10.12 but more recently, this has been ques- 
tioned, and some surgeons now recommend “watch- 
ful waiting.” !> It should be noted that these lesions 
can be difficult to distinguish, both clinically and ra- 
diologically, from malignant soft tissue tumors, espe- 
cially angiosarcomas.?12?.14^ Fine-needle aspiration 
adds no information of any clinical value in the diag- 
nosis of these vascular lesions, but should be per- 
formed to aid in the exclusion of other soft tissue 
tumors. Other treatment modalities have been used 
to treat these lesions with limited success, and these 
include radiotherapy, sclerosing agents, and cortico- 
steroids.10.12.15 Preoperative embolization has been 
reported as the sole treatment modality in selected 
cases and may be of use as an adjunct to surgery.10.13 
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In terms of histology, these are benign neoplasms. 
They do not appear to regress spontaneously, unlike 
pediatric cutaneous and parotid hemangiomas.?? 
They frequently recur if incompletely excised, with 
recurrence rates varying within the pathological sub- 
groups.!2 Recurrence rates of 20%, 9%, and 28% 
have been reported for capillary, large vessel, and 
mixed-type intramuscular hemangiomas, respective- 
ly.!? Two of the 3 reported cases of intramuscular 
hemangiomas of the posterior belly of the digastric 
muscle underwent superficial parotidectomy before 
the mass was identified as arising from this site. Ac- 
curate preoperative diagnosis could have led to better 
preoperative planning, and the procedure could have 
been carried out without the need for superficial pa- 
rotidectomy and the morbidity associated with this 


procedure. 


In conclusion, MRI is useful in the diagnostic 
workup of head and neck soft tissue tumors. In any 
soft tissue mass seen to be arising from the digastric 
muscle, the most likely diagnosis is that of hemangi- 
oma. Accurate interpretation of MRI in this region 
remains difficult because of the rarity of this tumor. 
It should be noted that not all intramuscular hemangi- 
omas will give a high-intensity signal on 12-weighted 
MRI. Magnetic resonance imaging is a very useful 
tool in identifying whether a mass is a soft tissue 
tumor, but is not always helpful in differentiating be- 
tween histopathologic types. Surgical excision re- 
mains the treatment of choice for head and neck intra- 
muscular hemangiomas. 
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POSTOPERATIVE OLFACTION IN CHRONIC SINUSITIS: 
SMOKERS VERSUS NONSMOKERS 
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NAGOYA, JAPAN 


In order to study the efficacy of surgical intervention, as well as the influence of cigarette smoking on olfaction in clinical states, 
we examined olfactory ability by means of the University of Pennsylvania Smell Identification Test (UPSIT). We enrolled 37 pa- 
tients 21 to 60 years of age who underwent surgery for chronic sinusitis. Normosmia was defined as an UPSIT score of 30 or more. 
Among these patients, 31 had a disturbance in their smelling ability in the preoperative stage, and the improvement rate, defined as 
arise in score of 4 or more points after surgery, was 64.5%; 11 were well healed. However, all 7 patients who were more than 40 years 
old at the time of surgery, and currently smoking cigarettes, had a significant deficit in olfaction in the preoperative stage and even in 
the postoperative stage. This study demonstrated that cigarette smoking has adverse effects on olfactory ability, especially for older 


patients. 


KEY WORDS — chronic sinusitis, functional endoscopic sinus surgery, olfactory function, smoking, University of Pennsylva- 


nia Smell Identification Test, UPSIT. 
INTRODUCTION 


Olfaction is a major sensory system; in humans, it 
serves as an early warning system for the detection 
of dangerous fumes or spoiled food, as well as a means 
of sensing food flavors. The accurate assessment of 
olfactory function is important for detecting chemo- 
sensory problems related to aging, environmental pol- 
lution, and various diseases. 


Clinically, olfactory disturbance mostly results from 
chronic rhinosinusitis, and endoscopic sinus surgery 
has been reported to yield a beneficial outcome for 
this dysfunction.!3 In typical practice, however, the 
evaluation is based only on each patient's self-reported 
symptoms, and rarely is olfaction tested quantitatively 
or used as a criterion for improvement. Cigarette 
smoking is also known to be a risk factor for the de- 
velopment of olfactory dysfunction. Smoking-induced 
olfactory dysfunction has been described in several 
reports, but exclusively in volunteers,^? and clinical 
evidence has not yet been well documented. 


The purpose of this study was to focus on the bene- 
fits of functional endoscopic sinus surgery and to de- 
tect the influence of cigarette smoking on olfactory 
function in patients with rhinosinusitis, on the basis 
of an objective criterion: the University of Pennsyl- 
vania Smell Identification Test (UPSIT). This test 
incorporates 40 microencapsulated odors, and has 
been shown to be highly reliable and to correlate well 
with detection threshold tests.9 The test is also sen- 


sitive to various smell deficits and is widely used in 
Europe and North America. Kondo et al’ showed that 
it was applicable to the Japanese population. We used 
the UPSIT before and after surgical intervention to 
evaluate smelling ability, as well as to evaluate dif- 
ferences between smokers and nonsmokers. 


SUBJECTS AND METHODS 


We studied 37 patients (30 men and 7 women; age 
range, 21 to 60 years; mean + SD, 42.8 + 11.9 years) 
who underwent functional endoscopic sinus surgery 
from 1997 to 1999 at Meijo Hospital, Nagoya, Ja- 
pan. The subjects had had chronic rhinosinusitis for 
3 months or longer that failed to be improved by 
pharmacological intervention. Of these subjects, 13 
(35.1%) were cigarette smokers, and 18 (48.6%) had 
undergone previous surgical intervention for their na- 
sal disease. 


Functional endoscopic sinus surgery was per- 
formed as described by Kennedy et al? under local 
anesthesia with 10% cocaine hydrochloride and 0.5% 
lidocaine hydrochloride in 1:100,000 of epinephrine. 
Additional sedation was obtained by use of intrave- 
nous propofol.?.1? In some cases, a KTP laser was 
used to cut polyps. Twelve operations (32.4%) were 
performed in combination with inferior turbinectomy 
and/or septal surgery. The follow-up period ranged 
from 3 to 24 months. 


Before and after operation, a detailed computed 
tomography scan was performed transversely and co- 
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Fig 1. University of Pennsylvania Smell Identification 
Test (UPSIT) scores of all 37 subjects in preoperative 
and postoperative stages. À — both preoperative and post- 
operative UPSIT scores of 230 (normosmia group); B 
— preoperative UPSIT score of «30 and postoperative 
UPSIT score of 230 (well-healed group); C — both pre- 
operative and postoperative UPSIT scores of «30 (poor- 
prognosis group); D — preoperative UPSIT score of 230 
and postoperative UPSIT score of «30 (worse group). 


ronally with 2-mm interleaved scans to evaluate the 
extent of disease. Each paranasal sinus (frontal, max- 
illary, anterior ethmoid, posterior ethmoid, and sphe- 
noid) was assessed on the basis of the degree of oblit- 
eration (none on one side, 0 points; cloudiness, 1 point; 
partial obliteration, 2 points; complete obliteration; 
3 points). The points for both sides were added, and 
each sinus was scored as follows: score of O2 O or 1 
point; score of 1 = 2 or 3 points; score of 2 = 4 to 6 
points. The scores were added together, for a maxi- 
mum possible score of 10. Opacification in the re- 
gion of the olfactory cleft was also calculated as fol- 
lows: score of 0 = both sides open; score of 1 = one 
side open; and score of 2 = both sides opaque. 


Olfactory function was assessed with the UPSIT. 
All patients completed the test in both the preopera- 
tive and postoperative stages. Because of cultural fac- 
tors, the UPSIT scores of Japanese subjects are typi- 
cally 5 points lower than those of American subjects 
of equivalent age." In the present study, normosmia 
was defined as an UPSIT score of 30 or more. On 
the basis of this definition, the 37 patients were clas- 
sified into 4 groups: normosmia or group A (preop- 
erative and postoperative UPSIT scores of 230); well- 
healed or group B (preoperative UPSIT score of «30 
and postoperative UPSIT score of 230); poor-progno- 
sis or group C (preoperative and postoperative UPSIT 
scores of «30); and worse or group D (preoperative 
UPSIT score of 230 and postoperative UPSIT score 
of «30). 


40 a 


*p<.0001 


UPSIT score 
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Fig 2. Efficacy of surgical intervention for olfactory func- 
tion in 31 patients with hyposmia defined as UPSIT score 
of «30. 


To assess the efficacy of the surgical procedure 
for olfaction, we examined the difference in UPSIT 
scores between the preoperative and postoperative 
stages for 31 subjects who had hyposmia before sur- 
gery. In addition, we statistically compared various 
possible prognostic factors, such as radiographic find- 
ings, age, gender, cigarette smoking, duration of dis- 
ease, and laser use, between the well-healed group 
B and the poor-prognosis group C. As for age, the 
patients were divided into 2 groups: 12 patients in a 
younger group (21 to 40 years of age) and 19 in an 
older group (41 to 60 years of age). The correlation 
of postoperative UPSIT scores with a smoker's age 
and with the smoking dose was studied. The smok- 
ing dose was calculated in pack-years by multiply- 
ing the number of packs smoked per day by the num- 
ber of years of smoking. 


Fisher's exact test and the Mann-Whitney test were 
used to compare the groups. The Wilcoxon signed 
rank test was used to compare UPSIT scores between 
the preoperative and postoperative stages in those 
who had hyposmia before surgery; a p value of less 
than .05 was considered significant. The Spearman 
correlation coefficient between the measures was also 
computed. 


RESULTS 


As shown in the scatter diagram in Fig 1, of 37 
patients, 6 patients (group À) continued to be classi- 
fied as normosmic and 11 (group B) were well healed 
after surgery, whereas 20 (group C) remained hypos- 
mic in spite of the operative procedure. None were 
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TABLE 1. COMPARISONS OF RADIOGRAPHIC 
FINDINGS BETWEEN WELL-HEALED GROUP B 
AND POOR-PROGNOSIS GROUP C 


Well-Healed Poor-Prognosis 
Group B (n= 11) Group C (n= 20) Mann- 


25th-75th 25th-75th Whitney 

Group Median Percentile Median Percentile Test p 
CT score* 

Preoperative 4.0 — 23-7.8 4.5 3.0-8.5 — .506 

Postoperative 1.0 0.0-3.0 15 00-40  .756 
Cleft score* 

Preoperative 1.0 1.0-2.0 2.0 0.02.0 .946 

Postoperative 0.0 0.0-0.0 00 0.0-0.0  .914 


CT — computed tomography. 
*See text for scoring method. 


worse (group D). To assess the efficacy of the surgi- 
cal procedure for olfaction, we compared the UPSIT 
scores between the preoperative and postoperative 
stages for the 31 subjects in groups B and C. 


A change of 4 or more points in the UPSIT score 
after surgery is regarded as meaningful.!! Of 31 pa- 
tients regarded as hyposmic before operation, 20 pa- 
tients (64.5%) presented meaningful improvement 
(Fig 2; p « .001; Wilcoxon’s signed rank test). Some 
patients, however, were still hyposmic after the op- 
eration. 


As for the radiographic findings, no significant dif- 
ference was found between well-healed group B and 
poor-prognosis group C (Table 1; Mann-Whitney 
test). Potential prognostic factors that affect olfac- 
tion, such as age, sex, cigarette smoking, duration of 
disease, and use of laser, were examined statistically 
(Table 2). 


TABLE 2. COMPARISONS OF VARIOUS PROGNOSTIC 
FACTORS BETWEEN WELL-HEALED GROUP B AND 


POOR-PROGNOSIS GROUP C 
Well-Healed Poor-Prognosis 
Group B Group C 
(n = 11) (n=20) Fisher's 
Factor No. % No. % p 
Age 
21-40 y (n = 12) 5 42 7 58 .703 
41-60 y (n= 19) 6 32 13 68 
Sex 
Female (n = 6) 3 50 3 50 .638 
Male (n = 25) 8 32 17 68 
Cigarettes 
Nonsmoker(n=19) 8 42 ll 58 452 
Smoker (n = 12) 3 25 9 75 
Duration of disease 
<10 y (n = 20) 10 50 10 50 .047 
>10 y (n= 11) T 9 10 91 
Laser use 
With (n = 18) 4 22 14 78 .128 
Without (n = 13) 7 54 6 46 
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Fig 3. Relationship between cumulative smoking dose 
(see text) and postoperative UPSIT score in 13 smokers. 


When merely comparing the treatment outcomes 
between nonsmokers and smokers, we did not find 
sufficient evidence to conclude a difference between 
them (Table 2). The power of the test to detect a dif- 
ference of at least 20 percentage points between 
smokers and nonsmokers (poor prognosis of 75% 
versus 58%) was only 0.17. When analyzing the re- 
lationship between the cumulative dose of cigarette 
smoking and the postoperative UPSIT score, we 
found a significant negative correlation (Fig 3; r = 
—.634; p = .005; Spearman correlation). Figure 2 
shows that although older smokers (closed diamonds) 
definitely improved after operative intervention, none 
of them achieved UPSIT scores of 30: they all re- 
mained in poor-prognosis group C (Fig 1). Further- 
more, analyzing the correlation between the postop- 
erative UPSIT score and age revealed a strongly neg- 
ative relationship in the smoking group (Fig 4B; r= 
—.802; p = .008; Spearman correlation), which was 
not seen in the nonsmoking group (Fig 4A). 


The duration of the disease also had significant 
effects (Table 2); subjects who had symptoms for 
more than 10 years had a worse outcome. No signif- 
icant difference between the genders was observed, 
and the KTP laser procedure had no marked influ- 
ence. Although allergic rhinitis appeared not to af- 
fect the olfactory prognosis, patients with asthma had 
a much worse objective outcome (data not shown). 


DISCUSSION 


Patients with sinusitis and polyposis often have 
troublesome olfactory disturbances related to induced 
nasal obstruction. Other mechanisms, such as changes 
in the composition and function of the olfactory mu- 
cus due to hypersecretion and hyposecretion, and 
dysfunction of the olfactory receptor cells caused by 
toxic inflammatory mediators, must be taken into con- 
sideration. !2 
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Fig 4. Relationship between age and postoperative UPSIT score for À) nonsmokers and B) smokers. 


Endoscopic sinus surgery has been reported to be 
beneficial in mitigating some, but not all, types of 
olfactory dysfunction. In this study, we evaluated ol- 
factory ability as measured by the UPSIT and found 
that the postoperative values significantly improved 
at a rate of approximately two thirds (Fig 2). Some- 
times, however, it was difficult to achieve success- 
ful improvement in olfaction, in spite of appropriate 
surgical intervention. Although the opacification in 
the region of the cribriform plate disappeared after 
operation (Table 1), some subjects gained no practi- 
cal improvement in the ability to smell — a finding 
indicating the complexity of olfactory dysfunction. 


In volunteers who had no apparent sinonasal tract 
disease, the adverse effects of cigarette smoking on 
olfactory function have been documented.*? In 1990, 
Frye et al^ described an inverse association between 
cumulative smoking dose and UPSIT scores. We ob- 
tained very similar results in this study, as shown in 
Fig 3. According to the postoperative UPSIT scores, 
nonsmokers lost little olfactory ability throughout the 
21- to 60-year age range examined, whereas smok- 
ers were found to develop olfactory dysfunction that 
was highly related to aging. These disabilities re- 
mained even after surgical intervention for smokers 
more than 40 years old (Fig 4B). Doty et al? dem- 
onstrated age-related decreases in olfactory function. 
The present data indicate that it 1s important to con- 
sider the additional interaction between aging and 
cigarette smoking when evaluating olfaction. It may 
be that cigarette smoking causes time-related alter- 
ations in the olfactory system via its long-standing 
intranasal neurotoxicity, inducing dysfunction of ol- 





factory receptor cells and subsequently reducing the 
ability to smell for older patients. To confirm this 
possibility, further study will be required. 


Allergic rhinitis appeared to have little or no signif- 
icant influence. However, patients with asthma have 
a much worse objective outcome; it is difficult to 
maintain adequate smelling ability after surgery. !4 
Some patients who have undergone prior rhinosur- 
gery had adhesion formation around the cribriform 
plate and cannot make a good recovery; this finding 
suggests that the surgical procedure might injure the 
olfactory mucosa and lead to an impaired sense of 
smell.!^ In our subjects, some adhesion formations 
were noted after operation within the middle meatus; 
the resulting complications were considered to be one 
of the causes of impaired olfaction. 


In conclusion, this study demonstrates that endo- 
scopic sinus surgery is effective in reversing olfac- 
tory disturbance and that the UPSIT is highly valu- 
able not only for assessing the efficacy of surgical 
intervention on olfaction, but also for analyzing the 
mechanism of olfactory disturbance. This study also 
highlights the fact that cigarette smoking is one of 
the most damaging influences on the smell function. 
In Japan, the rate of smoking 1s twice as high as that 
in Europe and North America. We have illustrated 
the toxic effect of cigarette smoking to be important 
in clinical practice, and further studies are needed to 
elucidate the subtle effects of smoking on patients 
with chronic sinusitis and nasal polyposis. Thus, 
whether the patient is a smoker has an influence on 
postoperative outcomes. 
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ANALYSIS OF SPIRAL GANGLION CELL POPULATIONS IN CHILDREN 
WITH NORMAL AND PATHOLOGICAL EARS 


MAKOTO MIURA, MD, DMSC 
BARRY E. HIRSCH, MD 


ISAMU SANDO, MD, DMSC 
YORIHISA ORITA, MD 
PITTSBURGH, PENNSYLVANIA 


This study analyzed features of total and segmental spiral ganglion cell populations in children with normal ears and those with 
various pathological conditions. Sixty-three human temporal bone specimens, obtained from 43 children 4 days to 9 years of age, 
were studied histopathologically. These specimens were divided into 5 diagnostic groups: group 1, normal ears (13 ears); group 2, 
congenital infectious diseases (13 ears); group 3, chromosomal aberrations (11 ears); group 4, multiple craniofacial anomalies with 
hereditary or genetic causes (21 ears); and group 5, perinatal and postnatal asphyxia (5 ears). Eighteen of the 63 ears had documented 
profound deafness. In either normal ears (group 1) or those with various pathological conditions (groups 2 through 5), the total number 
of ganglion cells did not change as a function of age during the first 10 years. The total number of ganglion cells was significantly 
larger in group 1 (33,702) than in each of groups 2, 3, 4, and 5 (p « .01), and the number was significantly larger in group 2 than in 
each of groups 4 and 5 (p « .01 and p « .05, respectively). The ratio of basal to apical ganglion cell populations remained constant in 
both normal and pathological ears. Each ratio of the number of basal and apical ganglion cells in groups 2, 3, 4, and 5 to the mean 
number in group 1 (basal and apical survival ratios) was at least approximately 40%. There was no statistical difference between 
these two ratios in groups 2, 3, 4, and 5. The mean (4SD) total number of ganglion cells in ears with documented profound deafness 
was 15,417 + 5,944, which is approximately 40% of those present in normal ears. Our results suggest that normally, cochlear neurons 
are completely present at birth and minimally regress during the first decade of life. In addition, although intergroup differences among 
various pathological groups were present, the majority of pathological ears had more than 10,000 spiral ganglion cells present. Co- 
chlear implantation has gradually been recognized as an effective and reliable tool for rehabilitation of children who have profound 
deafness, even congenitally or prelingually deafened children. On the basis of the results obtained in this study, we discuss the im- 
plications for cochlear implantation in children. 


KEY WORDS — child, cochlear implantation, spiral ganglion cell, temporal bone histopathology. 


INTRODUCTION ness.^-1^ Although some of those studies include a few 


cases of children under 10 years of age,^?-!! to our 
knowledge, there is no systematic survey to deter- 
mine whether spiral ganglion cell populations differ 
among children with different pathological conditions 
or whether the postnatal change of ganglion cell pop- 
ulations is present during childhood. The purpose of 
this study was to quantitatively analyze spiral gan- 
glion cell populations in ears of children with differ- 
ent pathological conditions and to compare these fea- 
tures with data from age-matched control ears. 


MATERIALS AND METHODS 


This study 1s based upon analysis of a series of 
histologic sections of 63 human temporal bone speci- 
mens from 43 individuals, ranging in age at the time 
of death from 4 days to 9 years. We divided these 
specimens into 5 diagnostic groups: group 1 (con- 
trol group), temporal bones obtained from individu- 


Cochlear implantation has gradually been recog- 
nized as an effective and reliable tool for rehabilita- 
tion of children who have profound deafness. Con- 
genitally or prelingually deafened children, as well 
as those deafened postlingually, demonstrate remark- 
able speech perception performance following co- 
chlear implantation.l-4 Several investigators propose 
that early implantation in congenitally deafened chil- 
dren provides better language acquisition results. 1:24 
The dramatic results achieved in children younger 
than 2 years of age have been the impetus for lower- 
ing the implantation criteria to 1 year of age.? AI- 
though numerous variables influencing the results 
of speech recognition after implantation are not well 
understood, the degree of survival of spiral ganglion 
cells in cochlea is considered to be of primary im- 
portance.® 


There have been several quantitative studies of the 
human spiral ganglion cells in adults with normal and 
pathological ears, including those with profound deaf- 


als without any known congenital anomaly or clini- 
cal history or pathological evidence of ear disease; 
group 2, temporal bones from individuals with con- 


From the Elizabeth McCullough Knowles Otopathology Laboratory, Division of Otopathology (Miura, Sando, Orita), and the Division of 
Otology (Hirsch), Department of Otolaryngology, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania. Supported by Re- 
search Grant RO1DC00123-24 from the. National Institutes of Health/National Institute on Deafness and Other Communication Disorders. 
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TABLE 1. DIAGNOSIS, NUMBER, AND AGE OF 


FIVE GROUPS 
Mean Age No. of 
No. of at Time of | Temporal 
Group Diagnosis Individuals Death(mo) |^ Bones 
1 Control 13 40.2 +37.2 13 
2 Congenital 7 (3) 12.9 E21.  13(5) 
infectious (28.3 + 27.5) 
disease 
3 Chromosomal 7 06:21 13.2 11 
aberration 
4 Hereditary 12 (5) 33.5 +29.9 21(9) 
or genetic (26.6 + 16.4) 
anomaly 
5  Perinatal or 4 (3) 13.9 t 9.7 5 (4) 
postnatal (18.3 € 4.9) 
asphyxia 
Total 43 (11) 25.9+30.2 63 (18) 
(24.8 + 16.8) 


Data in parentheses apply to individuals with documented profound 
deafness. 


genital infectious diseases, including congenital ru- 
bella and cytomegalovirus infection; group 3, tem- 
poral bones from individuals with chromosomal ab- 
errations, including trisomies 13, 18, and 21; group 
4, temporal bones from individuals with multiple cra- 
niofacial anomalies with hereditary or genetic causes, 
including Noonan’s syndrome, osteopetrosis, Waar- 
denburg’s syndrome, Pelizaeus-Merzbacher disease, 
Alagille syndrome, Apert’s syndrome, Beckwith- 
Wiedemann syndrome, and DiGeorge syndrome; and 
group 5, temporal bones from individuals with peri- 
natal or postnatal asphyxia requiring long-term oxy- 
gen therapy. The number of individuals, the number 
of temporal bones, and the mean age at the time of 
death in each group are summarized in Table 1. Eigh- 
teen of the 63 ears had documented profound deaf- 
ness confirmed by auditory brain stem response test- 
ing and/or behavioral audiometry. They belonged to 
groups 2, 4, and 5. The number of patients, the num- 
ber of temporal bones, and the mean age at the time 
of death are also presented in Table 1. The results 
obtained from the 18 ears with documented profound 
deafness are displayed separately from the data from 
all specimens. With regard to the hearing status of 
the remaining ears without documented profound 
deafness, we can show that 1 ear in group 1 had nor- 
mal hearing as corifirmed by a püre tone audiogram. 
However, the other ears had no documented hearing 
status. 


The specimens were fixed in 1046 formalin, decal- 
cified in 5% trichloroacetic acid, dehydrated in graded 
concentrations of ethanol, and embedded in celloi- 
din. The celloidin blocks were sectioned horizontally 
at 20 um. Every 10th section was stained with hema- 
toxylin and eosin and prepared for light microscopic 











Group 1 (Control) 
Group 2 (Congenital infection) _ 

Group 3 (Chromosomal aberration) 
Group 4 (Hereditary or genetic anomaly) 
Group 5 (Asphyxia) 
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Fig 1. Relationship between age (months) and total spi- 
ral ganglion cell numbers in 5 diagnostic groups. Note 
that some plotted data points with very close values in 
groups 2 through 5 almost overlap. 


study. The population of spiral ganglion cells was 
estimated by the method described by Otte et al’ and 
Nadol et al.8 According to this method, the spiral gan- 
glion cells were divided into 4 segments by a verti- 
cal midmodiolar line. For a 32-mm-long cochlea, 
these segments provide innervation for the organ of 
Corti approximately as follows: segment 1, 0 to 6 
mm; segment 2, 6 to 15 mm; segment 3, 15 to 22 
mm; and segment 4, 22 to 32 mm.’ The ganglion cells 
with visible nucleoli in each segment were counted 
with the aid of an ocular grid. The counts were mul- 
tiplied by 10 to account for unmounted sections, and 
also by a factor of 0.9 to account for doubly counted 
spiral ganglion cells.!> The ganglion cell populations 
were determined for each of the 4 defined segments. 
The total number of ganglion cells was summed for 
all 4 segments of the cochlea. In our study, the basal 
half of the ganglion cells represents segments 1 and 
2, and the apical half of the ganglion cells represents 
segments 3 and 4. 


RESULTS 


Figure 1 shows the total number of ganglion cells 
in each ear for all 5 diagnostic groups as a function 
of age. Linear regression analysis indicated that the 
total number of ganglion cells did not vary signifi- 
cantly with age in each of the 5 groups (group 1, r? = 
0.128, F1,11 = 1.62, p = .229; group 2, r? = 0.243, 
F1,11 = 3.52, p = .087; group 3, r? = 0.011, F1,9 = 
0.96, p = .764; group 4, r? = 0.091, F1,19 = 1.91, p= 
.183; and group 5, r? = 0.146, F1,3 = 0.514, p = .525). 
These findings suggest that the total number of gan- 
glion cells did not change as a function of age dur- 
ing the first 10 years in either normal or variously 
pathological ears. 
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TABLE 2. NUMBER OF TOTAL AND SEGMENTAL SPIRAL GANGLION CELLS AMONG FIVE GROUPS 


No. of 
Specimens 








Group Segment 1 Segment 2 Segment 3 Segment 4 Total 














All specimens 


| 13 4,382 + 997 13,127 35: 1:367 7,714 € 1,232 8,476 + 1,327 33,702 + 3,190 
2 13 2,139:E 1,0525 8,077 t 1,782 4,803 + 1,240 3,207 = 1,392 20,523 + 3,892 
3 11 2,203 + 831 8,116 + 1,248 4,716 + 703 3,845 + 1,139 18,880 + 2,088 
4 21 1,630 + 803 6,270 + 1,998 3,643 + 1,519 3,674 + 1,486 15.218 + 4,926 
5 5 1,370 + 1,025 5,933 + 2,621 3,271 + 1,643 3,728 + 1,184 14,301 + 5,073 
Total 63 2,382 + 1,388 8,353 = 3,115 4,880 + 2,001 5,077 + 2,296 20,693 + 8,038 
One specimen from each individual 
l 13 4,382 + 997 13,127 € 1,367 7,714 € 1,232 8,476 + 1,327 33,702 + 3,190 
2 7 2,195 + 1,018 8,266 + 1,788 4,881 + 1,287 5,304 + 1,549 20,645 + 3,496 
3 7 2,136 + 764 8,267 + 1,254 4,792 +775 EM Po a EST 18,919 + 2,040 
4 12 1,623 + 817 6,569 + 1,567 3.616 + 973 3,654 + 1,224 15,462 + 3,538 
5 4 1,258 + 1,147 5,659 + 2,942 2,846 + 1,549 3,580 + 1,312 13,343 + 5,309 
Total 43 2,560 + 1,508 9,020 + 3,268 5,180 + 2,102 5,385 + 2,477 22,186 + 8,610 


Specimens with documented profound deafness 


2 5 2,678 £1,275 8,861 + 2,260 4,658 + 1,671 4,415 + 1.243 20,614 + 5,351 
4 9 1,509 + 768 5,485 + 1,936 3,244 + 1,233 3,072 + 1,638 13,310 € 5,051 
5 + 1,544 + 1,095 5,477 + 2,788 2,880 + 1,607 3,762 + 1,364 13,662 + 5,620 
Total 18 1,843 + 1,076 6,421 + 2,600 3,556 + 1,531 3,599 t 1,518 15,417 + 5,944 


Data are mean + SD. 











The means and standard deviations of the total and 
4 segmental spiral ganglion cell populations among 
the 5 diagnostic groups (for all specimens) are pre- 
sented in Table 2. Analysis of variance demonstrated 
that the total number of ganglion cells significantly 
differed among the 5 groups (F4,58 = 47.58, p < 
.0001). Post hoc testing (Bonferroni) indicated that 
the total number of ganglion cells was significantly 
larger in group | than in each of groups 2, 3, 4, and 5 


(p « .01), and that the number was significantly larger 


in group 2 than in each of groups 4 and 5 (p « .01 
and p « .05, respectively; Fig 2). It is important to 
note that the single ear with DiGeorge syndrome 
(within group 4) exhibited an extremely small num- 
ber of total ganglion cells (747 counts; Figs | and 3). 


* 
- E^ 
40000 | * 
* 
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T NB escencee ens CER 





Number of total ganglion cells 
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Fig 2. Means and standard deviations of total spiral gan- 
glion cell numbers in 5 diagnostic groups. Mean number 
in group | (control ears) was 33,702. Symbols * and # 
designate groups with significantly different mean val- 
ues. 


Analysis of each of the 4 segmental ganglion cell 
populations led to the same conclusions, except that 
post hoc testing (Bonferroni) showed the ganglion 
cell population in each of segments 1, 2, and 3 to be 
significantly larger in group | than in each of groups 
2, 3, 4, and 5 (p < .01), but analysis of comparable 
segments among groups 2 through 5 gave results that 
did not differ significantly. Meanwhile, in the present 
study, in 20 cases, the same individual contributed 
both ears to the sample population to increase the 
number of each diagnostic group. However, there is 
a possibility that this sampling method may bias the 
statistical results regarding the intergroup differences. 





Fig 3. Photomicrograph of right temporal bone, obtained 
from 22-month-old boy with DiGeorge syndrome (within 
group 4). Basal turn of cochlea is shown. Spiral ganglion 
cells are almost absent in poorly developed Rosenthal’s 
canal (RC). Note that organ of Corti is severely collapsed 
(black arrow), and that dendritic nerve fibers are also 
absent in thin osseous spiral lamina (white arrow ). 
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Y = 1047 + 0.83X; r? = 0.754 
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Fig 4. Relationship between basal half and apical half of 
ganglion cell numbers for all data. 


Therefore, the analysis was repeated by choosing 1 
temporal bone at random from each individual with 
the use of a table of random digits. The means and 
standard deviations of the total and 4 segmental spi- 
ral ganglion cell populations among the 5 diagnostic 
groups (1 temporal bone from each individual; 43 
ears) are also presented in Table 2. These values in 
each diagnostic group were very similar to the data 
from all the specimens (63 ears). Analysis of vari- 
ance demonstrated that the total number of ganglion 
cells significantly differed among the 5 groups (F4,38 
= 18.05, p « .0001). Post hoc testing (Bonferroni) 
indicated that the total number of ganglion cells was 
significantly larger in group 1 than in each of groups 
2, 3, 4, and 5 (p « .01), and that the number was 
significantly larger in group 2 than in each of groups 
4 and 5 (p « .05). Hence, using more than 1 temporal 
bone from each individual to maximize the available 
number of specimens was estimated to minimally af- 
fect the statistical analysis regarding the intergroup 
differences. 


In addition, regression analysis revealed that the 
number of the apical half of the ganglion cells lin- 
early increased as a function of the number of the 
basal half of the ganglion cells (r? = 0.754, F1,61 = 
187.34, p « .001, for all specimens; Fig 4). This find- 
ing suggests a strong correlation between the apical 
and basal ganglion cell populations in both normal 
and pathological ears. Then, since regression analy- 
sis demonstrated that the number of either the basal 
or apical half of the ganglion cells in control ears 
(group 1) did not change significantly with age (r? = 
0.009, F1,11 = 0.098, p 2.760 and r? = 0.219, F1,11 = 
3.08, p = .107), each mean number in group 1 pro- 
vides a standard population during childhood (from 
birth to 9 years of age). We then analyzed the ratio 
of the number of the basal ganglion cells in each ear 
from groups 2, 3, 4, and 5 to the mean number in 
group 1 and derived a basal survival ratio. Similarly, 


TABLE 3. BASAL AND APICAL SURVIVAL RATIOS 
OF SPIRAL GANGLION CELLS AMONG FOUR 


PATHOLOGICAL GROUPS 
Difference 
Between 
Basal and 
Basal Apical Apical 
No. of Survival Survival Survival 
Group Specimens Ratio (%) Ratio (%) Ratios 
All specimens within four pathological groups 
2 13 $8.3414.2 637134 NS 
3 11 58.9162 52.9 19.7 NS 
4 21 45.1 £13.09 45.2 17.1 NS 
5 5 41.7 +19.5 43.2t13.6 NS 
Total 50 51.3+£14.8 51.54+16.2 NS 


Specimens with documented profound deafness 


2 5 65.9+193 56.0+128 NS 
4 9 3994143 39.04166 NS 
5 4 4015221 41.0+147 NS 
Total 18 . 4724203 44.2+162 NS 


Basal and apical survival ratios were defined as ratios of number of 
basal- and apical-half ganglion cells to each of mean numbers in 
group 1 (control specimens), respectively. Data are mean t SD. 


NS — not significant, 


the ratio of the number of the apical ganglion cells 
in each ear of groups 2 through 5 to the mean num- 
ber in group 1 (apical survival ratio) was evaluated. 
The means and standard deviations of these 2 ratios 
in groups 2 through 5 are presented in Table 3. Paired 
t-tests indicated that there was no statistical differ- 
ence between the 2 ratios in groups 2, 3, 4, and 5. 


In addition, we separately analyzed the ganglion 
cell populations in ears with dócumented profound 
deafness. The means and standard deviations of the 
total and 4 segmental spiral ganglion cell populations 
in ears with profound deafness are also presented in 
Table 2. Unpaired t-tests revealed that the total num- 
ber of ganglion cells in ears with documented pro- 
found deafness (15,417 + 5,944) was significantly 
smaller than the ganglion cell population in ears with- 
out documented deafness (18,376 + 3,639) within 
groups 2 through 5 (ie, pathological groups; t= 2.19, 
p < .05). Figure 5 shows the total number of gangli- 
on cells in each ear with documented profound deaf- 
ness as a function of age. There was a significant in- 
tergroup difference in the total number of ganglion 
cells between groups 2 and 4 (unpaired t-test, t = 
2.54; p « .05). In addition, regression analysis re- 
vealed that the number of the apical half of the gan- 
glion cells linearly increased as a function of the num- 
ber of the basal half of the ganglion cells (r? = 0.707, 
F1,16 = 38.538, p « .001, for 18 specimens with doc- 
umented profound deafness; Fig 6). The means and 
standard deviations of the basal and apical ratios in 
ears with documented profound deafness are also pre- 
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Fig 5. Relationship between age (months) and total spi- 
ral ganglion cell numbers in ears with documented pro- 
found deafness in different groups (groups 2, 4, and 5). 
Note that 2 data points with very close values in group 5 
(18,099 and 18,135) almost overlap. 


sented in Table 3. Paired t-tests indicated that there 
was no statistical difference between the 2 ratios. 


DISCUSSION 


The spiral ganglion cell population is considered 
to decrease with age. Furthermore, the loss is reported 
to begin at an early age and continue throughout 
life.16 Otte et al’? analyzed 100 “hearing ears" from 
subjects without known disease directly affecting the 
spiral ganglion cells. They reported that the total gan- 
glion cell population ranged from 36,913 for the first 
decade to 18,626 for the ninth decade, with a uni- 
form progressive loss of approximately 2,000 gangli- 
on cells per decade. Their result for the first decade, 
however, was based upon analysis from 2 subjects 
between 9 and 10 years of age. Hinojosa et al!? also 
reported that the spiral ganglion cell population from 
a 9-year-old boy with normal hearing was 38,352 
cells. However, to our knowledge, there is no sys- 
tematic survey to describe the postnatal change of 
ganglion cells during childhood. Our present study 
demonstrated that the total spiral ganglion cell popu- 
lation in 13 normal ears (from 13 individuals) did 
not change significantly during the period from birth 
to 9 years of age, and that the mean population was 
33,702 cells. These results suggest that normally, 
cochlear neurons are completely present at birth and 
regress minimally during the first decade of life. 


Our results showed that the spiral ganglion cell 
population was significantly larger in the control 
group than in each of the 4 pathological groups, and 
that there were significant intergroup differences be- 
tween group 2 (congenital infectious disease) and 
each of groups 4 (hereditary or genetic anomaly) and 
5 (prenatal and postnatal asphyxia). A similar inter- 
group difference was present among ears with docu- 
mented profound deafness. Several investigators re- 
ported that spiral ganglion cell populations varied 
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Fig 6. Relationship between basal half and apical half 
of ganglion cell numbers for 18 specimens with docu- 
mented profound deafness. 


among adults with different otopathological condi- 
tions, 78.11.1314 Since their studies were based on anal- 
ysis of subjects whose ages varied widely, the de- 
crease of ganglion cells caused by aging influenced 
their results. In contrast, the present study revealed 
that spiral ganglion cell populations did not change 
significantly with age during childhood in either nor- 
mal or pathological ears. 


Zimmermann et al," analyzing 12 pathological 
specimens from 10 individuals over 50 years of age, 
reported that both primary degeneration and second- 
ary (or retrograde) degeneration of spiral ganglion 
cells were more severe in the basal half than in the 
apical half of the cochlea. Other investigators have 
reported a similar predilection for degeneration of 
spiral ganglion cells to occur in the basal turn of the 
cochlea in adult cases.7?.16.18 This predilection may 
partly be explained by the fact that the loss of gan- 
glion cells with advancing age is predominant in the 
basal part of the cochlea.!6 On the other hand, Vasama 
and Linthicum!? reported that apical ganglion cells 
were significantly more affected than basal ganglion 
cells in adults with idiopathic sudden sensorineural 
hearing loss. They believed that apical ganglion cells 
in humans may be less resistant to neurotrophic vi- 
ruses that attack the inner ear, including herpes, 
mumps, and measles, than basal ganglion cells. In 
contrast, the results from our analysis of pediatric 
cases did not identify such a predominantly greater 
loss of ganglion cells to occur in either the basal or 
apical half of the cochlea in patients with diverse path- 
ological conditions. In addition, there was a strong 
correlation between ganglion cell populations in these 
2 cochlear segments, regardless of the presence or 
absence of pathological conditions. In ear disorders 
with congenital or perinatal causes, spiral ganglion 
cells were equally affected within the cochlea. 


There has not been conclusive evidence proving 
that the spiral ganglion cell population surviving in 
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the cochlea has a direct effect on speech perception 
in patients with cochlear implants. Fayad et al,?° ana- 
lyzing 16 temporal bones with single-channel co- 
chlear implants from 13 individuals, reported that 
there was no association between the number of spi- 
ral ganglion cells and clinical performance. They be- 
lieved that the response to stimulation might occur 
with as little as 1096 of the normal population of spi- 
ral ganglion cells. On the basis of previously pub- 
lished articles, Blamey?! also inferred that the mini- 
mum number of ganglion cells required for satisfac- 
tory speech perception in cochlear implant recipients 
was approximately 5,000. In each of the pathologi- 
cal groups in our study, the mean number of total 
ganglion cells was at least 40% of the control mean, 
as was the mean number in ears with documented 
profound deafness. It can be seen that the majority 
of our cases would exceed the minimum requirement 
of ganglion cells for cochlear implantation. It is also 
important to note that the spiral ganglion cells in the 
basal half, which seems to be more crucial to cochlear 
implantation, were well preserved. These results pro- 
vide objective support for the success of cochlear im- 
plantation for most pediatric candidates regardless 
of the cause of hearing loss. However, we should be 





aware that the presence of spiral ganglion cells ob- 
served by a light microscope does not guarantee nor- 
mal physiological function during life.5.15 In addi- 
tion, we should also take into consideration that spi- 
ral ganglion cells might be almost absent from the 
inner ears of a small minority of pathological cases. 


Success in cochlear implantation in congenitally 
or prelingually deafened children may depend on 
many factors, including the integrity of the auditory 
nerve and central auditory pathway, residual hearing, 
age at implantation, age at onset of deafness, duration 
of deafness, length of implant use, and preoperative 
level of oral language.!-^? Many children in the path- 
ological groups categorized in this study have sec- 
ondary or multiple handicaps besides hearing loss, 
including cognitive disabilities and behavior disor- 
ders. If they become candidates for cochlear implan- 
tation, the outcome is likely poorer than it would be 
in otherwise healthy deafened children. A recent study, 
however, indicated that even children with multiple 
handicaps obtained substantial benefit from cochlear 
implantation.” Our results in this study provide theo- 
retical and laboratory support for cochlear implanta- 
tion in these deafened children. 
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Lymphangiomas are congenital malformations of the lymphatic system. These lesions occur most often in the head and neck 
area, and their treatment continues to be a challenge. Fortunately, a number of advances have occurred in the diagnosis and manage- 
ment of lymphatic malformations in the past decade. The purpose of this article is to clarify the embryology, pathogenesis, histopa- 
thology, and classification of these lesions, as well as to describe their various forms of clinical presentation. We provide a complete 
review of the diagnostic measures available and thoroughly discuss new therapeutic interventions proposed to treat lymphangiomas. 


KEY WORDS — cervicofacial malformation, congenital malformation, cystic hygroma, head and neck tumor, lymphangioma, 


Iymphovenous malformation, OK-432. 


EMBRYOLOGY AND PATHOGENESIS 


Lymphangiomas are localized malformations in 
the development of the lymphatic system that most 
commonly occur in the head and neck. They were 
first described in 1828 by Redenbacker,! who coined 
the term ranula congenita. To understand their patho- 
genesis, one must be familiar with the embryology 
of the lymphatic system. 


Early in the 20th century, Sabin? discovered that 
lymphatic structures arise from 5 primitive buds that 
sprout from the venous system. By the seventh em- 
bryonic week, paired jugular sacs, paired posterior 
sacs, and a single retroperitoneal sac form. The jugu- 
lar sacs, located next to the jugular veins, develop 
first. Sabin proposed that endothelial sproutings from 
these sacs extend centrifugally into the embryo to 
form the peripheral lymphatic system. McClure and 


Huntington, in contrast, advocated centripetal devel- . 


opment of the lymphatic system from the confluence 
of peripheral mesenchymal spaces that anastomose 
with the venous system centrally.?^ A combined ve- 
nous-mesenchymal theory was proposed by van der 
Gagt and Kutsuna.^ Today, the most accepted theory 
is that of Sabin, which also is supported by the work 
of van der Putte.? 


Although the precise cause of congenital lymphan- 
giomas remains unknown, it probably reflects a com- 
bination of failure of lymphatics to connect with the 
venous system, abnormal budding of lymphatic struc- 
tures, and abnormal sequestration of lymphatic tis- 
sue early in embryogenesis.*59-5 Lymphangiomas also 


may be acquired after surgical procedures, minor trau- 
ma, infection, chronic inflammation, or obstruction 
of lymphatic drainage. ] 


HISTOPATHOLOGY AND CLASSIFICATIONS 


Lymphangiomas are classified traditionally into 3 
categories based on histologic appearance: 1) capil- 
lary lymphangiomas, containing a network of capil- 
lary-sized Iymphatic channels that tend to involve 
the epidermis; 2) cavernous lymphangiomas, com- 
posed of dilated lymphatics that infiltrate surround- 
ing tissue; and 3) cystic hygromas, macroscopic uni- 
locular or multilocular cystic masses lined by a single 
layer of endothelium supported by a connective tis- 
sue stroma and containing straw-colored, proteina- 
ceous fluid.^8-!! A fourth category, hemangiolymph- 
angioma, was proposed in 1975 and refers to lymph- 
angiomas that also have a vascular component.!? AII 
types of lymphangiomas are manifestations of the 
same pathological process and often coexist within 
a single lesion.^ 


An alternative classification that is not histologi- 
cally based but is, rather, therapeutically based was 
proposed by Smith et al to reflect responses seen to 
sclerotherapy.1?:1^ Lymphangiomas are classified as 
macrocystic, microcystic, or mixed. Macrocystic le- 
sions are cystic spaces of at least 2 cm?, microcystic 
lesions are cystic spaces of less than 2 cm3, and mixed 
lesions contain both macrocystic and microcystic 
components.13-15 


A third classification was proposed by de Serres 
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Fig 1. Patient with stage I lymph- 
angioma of right side of his neck. 
Photographs taken A) before and 
B) after 1 injection of OK-432 
demonstrate complete response to 
this treatment. 


et al,!° together with a staging system based on dis- 
ease extent and location. The following stages are 
recognized: stage I, unilateral infrahyoid disease; 
stage II, unilateral suprahyoid disease; stage III, uni- 
lateral suprahyoid and infrahyoid disease; stage IV, 
bilateral suprahyoid disease; and stage V, bilateral 
suprahyoid and infrahyoid disease! (Fig 1). In clini- 
cal practice, using a combined Smith-de Serres clas- 
sification is most useful. 


CLINICAL PRESENTATION 


Most lymphangiomas are diagnosed in infancy. 
More than 50% are recognized at birth, and 90% are 
detected before the age of 2 years.! ^.!* The majority 
present in the head and neck area, and they affect 
both sexes equally.^!? Usually, the mass is asymp- 
tomatic and involves the anterior or posterior cervi- 
cal triangle.!? Lymphangiomas of the anterior triangle 
may extend into the submandibular and submental 
spaces and infiltrate the floor of the mouth.29:2! 


Lymphangiomas are soft and “doughy” on palpa- 
tion, varying in size from a few millimeters to more 
than 30 cm. The overlying skin is usually unremark- 
able; however, it can be thin, atrophic, or bluish.?! 
When the tongue is affected, its mucosal surface may 
be covered with small, whitish vesicles. Although 
lymphangiomas are inherently slow-growing, sud- 


den enlargement may result from spontaneous or 


traumatic hemorrhage into cystic spaces or after an 
upper respiratory tract infection. 


The symptoms are related to the size, location, and 
extent of the lymphangioma.’ Respiratory compro- 
mise is the most significant complication of head and 
neck lesions and is commonly seen in patients with 





large masses of the neck or mediastinum. Infiltration 
of the floor of the mouth, base of the tongue, phar- 
ynx, or laryngeal structures also may result in dyspho- 
nia, stridor, apnea, cyanosis, or life-threatening dys- 
pnea. Many patients present with feeding difficulties 
and subsequent failure to thrive.?? Suprahyoid dis- 
ease tends to cause more breathing difficulties and 
dysphagia than does infrahyoid disease.** Pain is not 
a common manifestation unless infection is present, 
but disfigurement can be significant. 

When lymphatic malformations extend into the 
mediastinum, the presenting signs and symptoms 
may include pleural and/or pericardial effusions with 
chronic pain or pathological fractures resulting from 
involvement of rib or thoracic vertebral bone.” Se- 
vere osteolysis, an extremely rare but life-threaten- 
ing complication, may occur when lymphangiomas 
infiltrate and cause subsequent resorption of adja- 
cent bone. Dissolution of bone caused by either lym- 
phangiomas or hemangiomas is termed Gorham- 
Stout syndrome.?9 


Lymphangiomas are commonly associated with 
Turner syndrome and in these patients are frequently 
diagnosed before birth by ultrasonography (US). Oth- 
er syndromic associations include Kleinfelter, Noo- 
nan, Fryns, and several of the trisomies.5?.2! Lymph- 
angiomas also have been related to exposure to tera- 
togens such as alcohol.?’ 


DIAGNOSIS 


A detailed history and physical examination are 
essential. These should be complemented by pharyn- 
golaryngoscopy in all patients in whom there is a 
suspicion of pharyngeal or laryngeal involvement. 
An imaging study such as US, computed tomogra- 
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phy (CT), or magnetic resonance imaging (MRI) is 
also essential. 


The US pattern of lymphangiomas is well de- 
scribed.? Typically, lesions appear as hypoechoic, 
multilocular cystic masses with septa of variable 
thickness. Solid echogenic components correspond 
to collections of small abnormal lymphatic channels. 
Ultrasonography is particularly useful in demonstrat- 
ing the presence of lymphangiomas and determin- 
ing relationships to major adjacent structures; how- 
ever, it is limited in its ability to define mediastinal 
and retropharyngeal extension.?-25 


By CT, lymphangiomas appear as thin-walled, 
nonenhancing, homogeneous cystic masses that have 
the same density as water. Use of intravenous con- 
trast medium may result in enhancement of the cyst 
wall and better definition of the anatomic location 
of the malformations with respect to blood vessels. 
Although CT offers excellent visualization of lesions 
extending into the mediastinum, deep neck structures, 
and retropharynx, it is often associated with bony 
artifact from the skull base and vertebrae. Further- 
more, it may be difficult to distinguish a mass from 
surrounding soft tissue of similar attenuation.?5 


Magnetic resonance imaging is the imaging meth- 
od of choice for lymphangiomas. Its utility was first 
reported by Siegel et al?? in 1989. Lesions are typi- 
cally hypointense on T1-weighted images and hyper- 
intense on T2-weighted images.?? The use of con- 
trast medium (gadolinium tetra-azacyclodoecane tet- 
ra-acetic acid solution) helps to differentiate between 
deep hemangiomas and lymphangiomas.?! When 
spontaneous or traumatic hemorrhage has occurred 
in cystic cavities, fluid-fluid levels can be readily 
appreciated. The advantages of MRI over US and 


Fig 2. Magnetic resonance imag- 
ing scans. A) Extensive parapha- 
ryngeal lymphangioma. Lesion 
borders are well defined. B) Com- 
plete resolution of lesion follow- 
ing 2 injection treatments of OK- 
432. 


CT include superior multiplanar capabilities and lack 
of bony artifact. It is also superior to US and CT in 
accurately defining lesion borders and in evaluating 
the extent of disease? (Fig 2). 


Chest radiographs remain very useful in ruling out 
mediastinal extension or pleural effusions.??-?? Simi- 
larly, barium swallow studies remain valuable in as- 
sessing esophageal compression. Although lymphan- 
giomas can be transilluminated, this technique is not 
reliable, nor does it help determine the extent of dis- 
ease.*> Masses that are infected and those contain- 
ing a large vascular component or multiple septations 
do not transilluminate. 


Fetal cervical cystic hygromas can be visualized 
by abdominal US as early as 10 weeks’ gestational 
age.?? Transvaginal US is superior to traditional ab- 
dominal US, because it shows more detail and al- 
lows earlier detection of fetal cystic hygromas. Ele- 
vated levels of alpha-fetoprotein in maternal serum 
and amniotic fluid have been found in pregnancies 
associated with lymphangiomas.?/ When lymphatic 
malformations are detected on prenatal evaluation, 
a detailed US review of fetal anatomy must be per- 
formed to rule out structural malformations. Some 
authors also recommend a fetal karyotype analysis 
in the presence of a cystic hygroma.°®* 


TREATMENT OPTIONS 


A tracheotomy should be performed, regardless 
of the treatment method, when a patient's airway is 
compromised by a large lesion that extends into the 
tongue, floor of the mouth, epiglottis, or glottic area. 


Observation. The incidence of spontaneous regres- 
sion of cystic hygromas is reported to be as high as 
1596.74 On this basis, many investigators recom- 
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mend withholding treatment for a period of time.34,35 
This conservative option should only be considered 


in the absence of symptoms. One also must keep in . 


mind the potential risk of acute enlargement of the 
mass following infection or hemorrhage. À period 
of observation may be warranted for infiltrating, mi- 
crocystic lesions involving the parotid gland to al- 
low for growth prior to therapeutic intervention in 
order to minimize the risk of injury to the facial nerve. 
Some authors who are skeptical of the possibility of 
spontaneous involution recommend immediate treat- 
ment.? 


Aspiration. Previously regarded as a rapid, safe, 
and minimally invasive treatment for lymphangio- 
mas, percutaneous aspiration is now rarely indicated. 
This procedure is usually followed by recurrence, 
hemorrhage, or infection.^7? However, if there is 
acute enlargement of a lesion with airway compro- 
mise, aspiration for emergency decompression may 
be an effective temporizing measure. 10.56 


To prevent the development of polyhydramnios, 
permanent facial deformity, and hydrops fetalis, Chen 
et al?? advocate serial intrauterine aspirations of large, 
prenatally diagnosed cystic hygromas. Intrauterine 
cyst decompression by this technique has been re- 
ported to facilitate vaginal delivery of affected in- 
fants who would have otherwise required cesarean 
section deliveries. 


Surgery. Many authors agree that complete surgi- 
cal excision is the treatment of choice for lymphan- 
giomas.^16.1758 However, the infiltrating nature of 
these lesions and the involvement of vital structures 
in the head and neck area make total extirpation near- 
ly impossible in most cases. Because these lesions 
are benign, major vessels and significant nerves 
should not be sacrificed. This limitation makes the 
dissection tedious and difficult. Often, staged exci- 
sion is done for extensive disease; however, removal 
of a portion of the disease burden may lead to the 
enlargement of cysts in neighboring unresected re- 
gions.^16 Total removal of the tumor is usually suc- 
cessful with small lesions that do not involve the oral 
cavity. With invasive tumors larger than 5 cm or in- 
volving the upper aerodigestive tract, complete re- 
moval is unlikely to be possible without significant 
functional impairment.®38 Recurrence rates follow- 
ing "complete" excision range from 0% to 27%; af- 
ter partial excision, the recurrence rate is 50% to 
100%.7:19.19.38,39 Most recurrences occur within the 
first year of resection, but delayed recurrences as long 
as 10 years after the initial operation have been re- 
ported.?? 


Timing of the initial surgery continues to be de- 
bated. If observation is first chosen as a feasible and 


safe option, the question then arises as to when to 
perform surgery. According to some authors, exci- 
sion of cervical lymphangiomas should be recom- 
mended only if there is no regression by the age of 5 
years.?? Others recommend earlier operative removal 
to avoid the complications of potential infection, 
which may render surgery considerably more diffi- 
cult. Excision should be delayed at least 3 months 
after an acute infection.20 


Complications from surgical excision are well doc- 
umented, and their rate varies from 10% to 3395.9? 
Intraoperative blood loss may be significant, espe- 
cially in young children. Muscle weakness, Hor- 
ner's syndrome, Frey's syndrome, recurrent airway 
obstruction, life-threatening infections such as me- 
diastinitis and sepsis, chylothorax, and death are some 
of the more serious postoperative complications. 
Nerve paralysis occurs in as many as one third of the 
cervicofacial lymphangioma cases treated surgically.’ 
The most commonly injured nerve is the marginal 
mandibular branch of the facial nerve — a compli- 
cation usually seen in patients with parotid, buccal, 
or submandibular gland involvement.!6 Injury to the 
facial nerve may leave the patient with serious func- 
tional, aesthetic, and psychological sequelae. 


Cranial nerves IX through XII, the cervical sympa- 
thetic chain, and the brachial plexus also are vulner- 
able structures and may be damaged during surgical 
removal. of cervical lymphangiomas.!9 The risk of 
intraoperative nerve injury is related to the size and 
extent of the lesion, rather than to the child's age at 
the time of surgery.’ Scarring and large tissue de- 
fects are some of the possible cosmetic consequences 
related to surgical excision of lymphangiomas. 


Several authors have reported an increased inci- 
dence of surgery-related complications in patients 
with suprahyoid as compared to infrahyoid disease.7.16 
Laterality also appears to play a role in the surgical 
complication rate; patients with bilateral lesions ex- 
perience more postoperative problems than do poe 
with unilateral lesions. !© | 


Laser Treatment. The use of laser technology, both 
argon beam and CO2, has been reported to be effec- 
tive in the treatment of lymphangiomas for debulking 
or completé excision.***! Lasers are most useful in 
ablating or excising lymphangiomas of the larynx 
and tongue base (Fig 3). The advantages over tradi- 
tional surgery include less postoperative edema, less 
tissue trauma, and less blood loss. However, the rate 
of recurrence is high, since it is nearly impossible to 
completely eradicate the disease burden, and multi- 
ple treatments are often necessary. 


Magnetic resonance-controlled laser-induced in- 
terstitial thermotherapy (LITT) has been proposed 
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Fig 3. Lymphangioma involving epiglottis. Photographs taken A) before and B) after CO? laser excision. 


as an effective and safe treatment for lymphangio- 
mas.*?? Real-time monitoring of tissue temperature 
allows controlled coagulation necrosis of targeted tis- 
sue, resulting in laser-induced fibrosis of the lym- 
phatic tissue while preserving vital structures. Unfor- 
tunately, LITT is time-consuming and requires the 
availability of an open-configured MRI scanner. In 
addition, safety precautions must be followed in the 
use of the Nd: YAG laser. 


Somnoplasty. Somnoplasty, or temperature-con- 
trolled radio frequency volumetric tissue reduction, 
is a minimally invasive surgical procedure. The lit- 
erature on this new technique is sparse and limited 
to its use in snoring, mild sleep apnea, and turbinate 
hypertrophy. A needle radio frequency probe is used 
to ablate targeted tissue while leaving overlying mu- 
cosa and underlying structures intact.*? Although its 
use has been described since 1999 in mucosally cov- 
ered structures of the oral cavity and nasal cham- 
bers, reports on the external use of somnoplasty are 
not available.^* At the University of Iowa, we have 
been delivering 1,000 J per treatment site to lymphat- 
ic malformations involving the oral cavity and base 
of the tongue, cheeks, and floor of the mouth. Thus 
far, we have not found any complications associated 
with the transmucosal use of somnoplasty. 


Sclerosing Agents. The thought of treating lymph- 
angiomas with sclerotherapy is not new. The idea 
emerged more than 50 years ago, when it was ob- 
served that cystic hygromas could shrink or regress 
completely after infection. Since then, many inject- 
able agents have been used to imitate what may natu- 
rally occur. 


Bleomycin sulfate, an antibiotic with antitumoral 
activity used as a chemotherapeutic agent, was pro- 
posed as a sclerosing agent for lymphangiomas in 


1977 by Yura et al.? Although very good results have 
been reported, the potential risk of pulmonary fibro- 
sis 1s an unacceptable one in the treatment of a be- 
nign disease.46.4/ 


Ethibloc is usually used in the treatment of venous 
malformations, but has been administered by percu- 
taneous embolization in more than 100 patients with 
Iymphangioma.^5-^ Reported results have been very 
promising, with good or excellent responses in more 
than 60% of cases. The associated risks include in- 
flammatory reactions and ulcerations. The Ethibloc 
also can extrude through the skin for weeks to months 
after injections, adversely affecting the final outcome. 


Interferon alfa-2a has been effectively used in the 
treatment of hemangiomas in infants and children.>° 
The occasional mixed nature of lymphangiomas (he- 
mangiolymphangioma) prompted consideration of 
this treatment. Although results in a small cohort of 
patients have been favorable,>! we have not been able 
to document any benefit when interferon alfa-2a is 
used to treat lymphangiomas. Signs of toxicity are 
common and include fever, nausea, loose stools, neu- 
tropenia, alopecia, fatigue, and elevated liver enzyme 
levels.>! 


Since 1991, Castañón et al?? have been treating 
lymphangiomas with a fibrin sealant, Tissucol. The 
rationale behind the use of this hemostatic agent is 
its effectiveness in sealing tissue surfaces and elimi- 
nating potential dead spaces. In a recently published 
study,?? complete remission was demonstrated by US 
in 17 of 19 cases of lymphangiomas treated with as- 
piration and injection of Tissucol. The results are 
promising, and to date, no complications have been 
reported. 


Over the past 14 years, numerous reports have de- 
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Fig 4. Measurements of large cystic hygroma taken be- 
fore OK-432 sclerotherapy. Lesion volume is determined 
by product of orthogonal dimensions from magnetic reso- 
nance imaging scan. 


scribed the successful use of OK-432 for the treat- 
ment of head and neck lymphangiomas in chil- 
dren. 15-15.36.53-55 This potent immunostimulant is a 
lyophilized mixture of a low-virulence strain (Su) of 
group A Streptococcus pyogenes incubated with peni- 
cillin G.?45655 Known also as Picibanil, OK-432 
causes immunologic up-regulation of several cyto- 
kines secondary to the antigenic stimulus induced 
by streptococci. It was developed initially for use in 
head and neck cancers, and although numerous clini- 
cal trials failed to demonstrate any antitumor effects, 
two important findings did emerge.?? First, when OK- 
432 was injected into the pleural and peritoneal cavi- 
ties to treat malignant effusions, it became apparent 
that it had sclerosant properties.9? Second, in studies 
of more than 30,000 patients, no significant clinical 
toxicity was recorded.®! 


The sclerosing ability of OK-432 is related to its 
immunomodulatory activity, which has been stud- 
ied in depth. OK-432 activates neutrophils, macro- 
phages, natural killer cells, and T-cells. It also ele- 
vates many soluble immune mediators such as IL-1 
(interleukin-1), IL-2, and NKAF (natural killer acti- 
vating factor).9? Concentrations of both tumor ne- 
crosis factor and IL-6 increase in cyst fluid after in- 


tracystic injection of OK-432.?! Cellular stimulation 
of macrophages and lymphocytes precedes the in- 
crease in soluble immune mediators.®° 


Prompted by the success of OK-432 as a scleros- 
ing agent in malignant effusions, Ogita et al??6* used 
OK-432 for large lymphangiomas and described their 
initial encouraging results in 1987 and 1991. In their 
most recent review, they reported that of 64 patients 
treated since 1986, more than 50% had experienced 
complete resolution of their disease, and in another 
23% the response had been good (>50% reduction 
in size).?? OK-432 was more effective as a primary 
therapeutic agent than as an adjuvant following sur- 
gical excision or bleomycin sclerotherapy. Their en- 
couraging results suggested that carefully designed 
clinical studies should be conducted to examine the 
role of OK-432 as primary therapy for lymphangio- 
mas in children. 


We published promising results in 1996 and 1999 
describing our experience with OK-432 in the treat- 
ment of lymphangiomas in children at the Univer- 
sity of Iowa.!?:!^ Three years ago, we designed and 
began conducting a multi-institutional prospective 
randomized control study to assess the efficacy and 
safety of this therapeutic technique. Because OK- 
432 is currently not approved for wide-scale use in 
the United States, this trial was initiated as a first 
step toward the approval of this sclerosing agent by 
the US Food and Drug Administration. 


The protocol and treatment procedures are rela- 
tively simple and easy to follow. In most circum- 
stances, the treatments are performed under general 
anesthesia. A solution of OK-432 is prepared by dis- 
solving 0.1 mg of OK-432 in 10 mL of normal sa- 
line solution. A 20-gauge angiocatheter needle is in- 
troduced into the cyst under sterile conditions. Once 
the needle is withdrawn, cyst contents are aspirated 
through the angiocatheter. Palpation, transillumina- 
tion, US, and, in rare circumstances, fluoroscopy can 
aid in cyst localization. While ensuring that the cath- 
eter does not move after aspirating as much cyst fluid 
as possible, one injects the OK-432 solution. Single 
or multiple cysts can be injected, depending on the 
characteristics of the lymphangioma, to a maximal 
total dose of 20 mL in 1 treatment session. The in- 
jection sessions are spaced at 6 to 8 weeks for a total 
of 4 injection series, unless a contraindication arises 
or a complete response is observed. The outcome is 
determined by the reduction in lesion volume based 
on CT scan or MRI measurements obtained before 
starting treatment and after its completion. Clinical 
success 1s defined as a complete (29056) or substan- 
tial (26096) decrease in volume of the lymphangioma 
(Fig 4). 
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Fig 5. Magnetic resonance imaging scans of mixed lymphangioma involving right suprahyoid region A) 
prior to and B) after 4 OK-432 injection treatments, demonstrating no change in microcystic portion of 


lesion. 


Our preliminary results are extremely encourag- 
ing. To date, our overall success rate of 66% is in 
keeping with other retrospective studies on the effi- 
cacy of OK-432 in the treatment of lymphangio- 
mas.6? When we exclude patients with microcystic 
disease, 86% of the patients had a successful response 
to therapy. Thus far, we find that macrocystic lesions 
respond significantly better than mixed or microcys- 
tic lesions — a finding that strongly supports previ- 
ously published studies, which report the rate of com- 
plete response of macrocystic lesions to be 92% to 
100961555 (Fig 5). Of our patients who were treated 
successfully, 95% had macrocystic lymphangiomas. 
The use of this agent in microcystic disease has failed 
to result in therapeutic benefits. 


Like de Serres et al,!6 we are finding that patients 
with stage I, II, or IH disease show significantly great- 
er response rates to OK-432 than do patients with 
stage IV or V disease. OK-432 sclerotherapy is prov- 


ing to be very useful in lesions located in surgically 
challenging areas; all parapharyngeal lesions, as well 
as acase of aretropharyngeal lesion, have shown com- 
plete responses to treatment (Fig 6). 


In contrast to other sclerosing agents, OK-432 has 
been administered routinely intradermally and intra- 
venously in Japan without major side effects.5^ There- 
fore, one does not have to worry about accidental 
extralesional injection with this agent. So far, OK- 
432 treatment has not been reported to adversely af- 
fect subsequent surgical procedures. One report de- 
scribes its use in utero for the treatment of a large 
cystic hygroma.^9 Further studies are necessary to 
evaluate the safety of intrauterine treatment with OK- 
432 sclerotherapy. 


In general, the side effects are minor and short- 
lived. Erythema, swelling, discomfort at the injec- 
tion site, and pyrexia are the most frequently reported, 
and typically resolve after the fourth posttreatment 





Fig 6. Magnetic resonance imaging scans. A) Large retropharyngeal lymphangioma causing upper airway obstruction. B) 
Complete resolution of lesion following 2 injection treatments of OK-432. 
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day. OK-432 should not be administered to patients 
who are allergic to penicillin because of the poten- 
tial risk of anaphylactic shock. 


Future Directions. The treatment of lymphangio- 
mas is challenging. Although surgery remains an 
excellent therapeutic technique for microcystic and 
mixed lesions of the head and neck, many authors 
now recommend OK-432 sclerotherapy as primary 
therapy for macrocystic disease.°’ This therapeutic 
technique appears to be a relatively safe and effec- 
tive treatment option for patients of all ages. The cur- 
rent ongoing multi-institutional trial should yield 
more results regarding its efficacy in the near future. 


Research in the molecular biology of lymphangi- 
omas is now a "hot topic." Understanding disease 
pathogenesis at the molecular level may generate new 
treatment options. A potential lymphatic endothelial 
growth factor receptor involved in developing lym- 
phatic tissue, lymph nodes, and lymphangiomas has 
been discovered and may represent an opportunity 
to develop alternative treatment strategies for lym- 
phatic malformations.97 


Vascular endothelial growth factor-C (VEGF-C), 
a ligand of VEGFR-3 and VEGFR-2, in the skin of 
transgenic mice results in lymphatic, but not vascu- 
lar, endothelial proliferation and vessel enlargement. 
Because VEGF-C induces selective hyperplasia of 
Iymphatic vasculature, it may play a role in disorders 
of the lymphatic system and may be of potential use 
in therapeutic lymphangiogenesis.9 A study using a 
quail model has found similar and supporting re- 
sults.9? Control of lymphangioma growth potentially 
could be achieved by the development of an agent 
that would selectively block VEGF-C.” 


Another promising discovery is the finding of high 
levels of basic fibroblast growth factor, an angiogenic 
inducer, and low levels of thrombospondin-1, a natu- 
rally occurring angiogenic inhibitor, in isolated cys- 
tic hygroma cells."? This observation may mean that 
lymphangiomas are dependent on excessive angio- 
genesis for growth and development. If this hypoth- 
esis is correct, the value and efficacy of antiangio- 
genic therapy in suppressing the growth of these le- 
sions can be tested. 
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Laryngotracheoesophageal clefts (LTECs) are rare congenital defects of variable severity depending on the extent of malforma- 
tion. Management of a complete L TEC represents a major surgical and anesthetic challenge. The main problems are achieving 
adequate operative exposure and maintaining ventilatory support during and after the operation. We describe correction of a type IV 
LTEC extending down to the carina in an infant who had respiratory distress at birth. Surgical repair was achieved in a single stage 
by an anterior sternotomy approach on the 11th day of life. The procedure was facilitated by cardiopulmonary bypass. After the 
operation, the infant was intubated, mechanically ventilated, and sedated. Nissen fundoplication and gastrostomy were carried out on 
the 11th postoperative day. The child was extubated on the 12th postoperative day. The rationale for this method and its advantages 


in comparison with other surgical approaches are discussed. 


KEY WORDS — cardiopulmonary bypass, congenital laryngotracheoesophageal cleft, difficult pediatric airway, surgical repair. 


INTRODUCTION 


Laryngotracheoesophageal clefts (LTECS) are rare 
congenital defects of the aerodigestive tract caused 
by anomalies that occur during the generation of sup- 
porting tracheal cartilage and the fusion of the tra- 
cheoesophageal folds..? The presenting symptoms 
include stridor, excessive secretions, choking, cyano- 
sis, and aspiration into the lungs after feeding. The 
diagnosis is confirmed by endoscopic examination. 
Various classifications have been proposed? based 
on anatomic and clinical findings. The Benjamin and 
Inglis® classification includes 4 categories of clefts. 
Type I is a supraglottic interarytenoid cleft located 
above the vocal cords. Type IIis a partial cricoid cleft 
extending below the vocal cords. Type III is a total 
cricoid cleft extending through the cricoid cartilage 
with or without further extension into part of the cer- 
vical tracheoesophageal wall. Type IV is a total cri- 
coid cleft with major or total involvement of the tho- 
racic tracheoesophageal wall. 


Early surgical repair is mandatory to prevent life- 
threatening pulmonary complications due to persis- 
tent aspiration of stomach contents.’ The high mor- 
tality rate is related to the magnitude of the cleft, 
concurrent congenital anomalies, delay to effective 
repair, and difficulty in maintaining a stable airway.5? 
This report describes a case of type IV LTEC extend- 
ing to the carina that was successfully repaired by an 
anterior laryngotracheal approach facilitated by car- 
diopulmonary bypass (CPB). 


CASE REPORT 


The patient was a 2,360-g girl born at 38 weeks' 
gestation to a 25-year-old gravida 2 para 1 mother. 
The pregnancy was complicated by arterial hyperten- 
sion treated by methyldopa and nicardipine hydro- 
chloride during the third trimester. Labor was induced 
at an outside hospital because of the mother’s uncon- 
trolled hypertensive crisis. The Apgar score was 6 at 
1 minute and 10 at 5 minutes with spontaneous cry- 
ing. Respiratory distress was noted shortly after de- 
livery, and the infant was transferred to a neonatal 
intensive care unit, where continuous positive air- 
way pressure (CPAP) was instituted with 30% F102 
(fraction of inspired oxygen). Initial chest x-ray find- 
ings appeared normal, but subsequent views revealed 
distention of the stomach. A diagnosis of LTEC was 
made on the 4th day of life during laryngoscopy and 
tracheobronchoscopy by an experienced pneumolo- 
gist. 


On the 5th day of life, the infant was sent to the 
pediatric intensive care unit of La Timone Children’s 
Hospital for further evaluation and treatment. The 
SpO2 (oxygen saturation as measured by pulse oxim- 
etry) remained between 94% and 99% with the child 
breathing 0.5 L/min of oxygen by nasal prongs. The 
PaCO2 (partial pressure of carbon dioxide, arterial) 
was between 65 and 77 mm Hg. Laryngoscopy, tra- 
cheobronchoscopy, and esophagoscopy performed 
under general anesthesia with spontaneous breath- 
ing demonstrated a type IV LTEC extending from 
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Fig 1. Endoscopic views. A) From airway side, documenting laryngotracheoesophageal cleft extending down to carina. B) 


From esophageal side, showing similar findings. 


the interarytenoid area down to the carina without 
accompanying esophageal atresia (Fig 1). 


Over the ensuing days, the patient was kept on 
parenteral nutrition with nothing given by mouth. 
Continuous aspiration with an oropharyngeal tube 
was performed to prevent accumulation of oral se- 
cretions. Intravenous omeprazole (6.6 mg/d) was ad- 
ministered to reduce the risk of gastroesophageal re- 
flux and aspiration pneumonia. The patient’s hemo- 
dynamic status remained stable with an SpO2 of more 
than 94% with nasal oxygen delivery. Physical exam- 
ination, a complete skeletal x-ray scan, and abdomi- 
nal, cardiac, and brain ultrasound scans showed no 
evidence of associated malformation. Surgical cor- 


rection was undertaken on the 11th day of life, after 


informed consent was obtained from the parents. 


After oxygenation, anesthesia was induced with 
sevoflurane in 100% oxygen. To secure the airway, 
we inserted two 2.0-mm-internal diameter endotra- 
cheal tubes, one in each main stem bronchus. The 
infant was maintained in the supine position with the 





A B 





head extended. The position of the tubes was checked 
with a 4-mm direct endoscope. Once it was assured 
that both lungs were being ventilated, the two tubes 
were secured and the endoscope was withdrawn. The 
two tubes were connected by a double T-piece, and 
mechanical ventilation was performed via a Siemens 
Servo D ventilator. Anesthesia was maintained with 
a combination of intravenous agents including sufen- 
tanil citrate, midazolam, and atracurium besylate. 
The first step in the procedure involved prepara- 
tion for CPB by the cardiovascular team. After me- 
dian sternotomy, cannulae were placed in the ascend- 
ing aorta and right atrium. Care was taken to posi- 
tion the cannulae so that they would not interfere 
with operative exposure. Next, the anterior laryngo- 
tracheal approach was extended to allow division of 
the trachea, cricoid cartilage, and lower thyroid car- 
tilage. At this point, CPB was initiated and the two 
endotracheal tubes were removed, thus maximizing 
exposure of the cleft. A tracheoesophageal septum 
was created from mucosal flaps dissected from the 
lateral shelves of the cleft (Fig 2). Two-layer closure 





C 


Fig 2. A,B) Development of mucosal flaps from transesophageal "shelves." C) Two-layer closure of tracheoesophagea! septum 


with nonoverlapping suture lines. 
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Fig 3. Endoscopic view from airway side shows adequate 
healing of suture line at postoperative month 1. 


using 5.0-polydioxanone suture was effected with 
nonoverlapping sutures. Before complete closure of 
the anterior wall of the trachea, a 3.0-mm-internal 
diameter nasotracheal tube was introduced and CPB 
was stopped. The total duration of CPB was 138 min- 
utes. The surgical wound was closed over a suction 
drain. The total duration of anesthesia was 10 hours. 
At the end of the procedure, the patient was trans- 
ferred to the pediatric intensive care unit. The tho- 
racic drain was removed 48 hours after the opera- 
tion; only 40 mL of blood was collected through the 
drainage tube. 


Two complications occurred during the postopera- 
tive period, ie, low cardiac output and acute respira- 
tory failure. The low cardiac output could have re- 
sulted from myocardial dysfunction related to intra- 
operative support technique (effects of CPB) in a 
newborn. It was successfully treated by continuous 
intravenous infusion, first of dopamine chlorhydrate 
(10 ug. kg! + min`!) and then of epinephrine (0.25 ug 
e kg^! - min™!). Peritoneal dialysis was instituted be- 
cause of marked oliguria in spite of improving arte- 
rial pressure and the continuous infusion of furose- 
mide. The acute respiratory failure might have been 
related to frequent aspiration during the preoperative 
period. The patient was treated by mechanical venti- 
lation with 100% oxygen and high positive end expi- 
ratory pressure (PEEP; 6 to 10 mm Hg) for the first 
24 hours to prevent hypoxia (PaO2 [partial pressure 
of oxygen, arterial], 54 to 78 mm Hg). The patient 
was kept sedated and relaxed by continuous intrave- 
nous infusion of fentanyl citrate, midazolam, and atra- 
curium. At the end of 1 week, the controlled me- 
chanical ventilation was discontinued and intermit- 
tent ventilation was instituted. The ventilation assis- 
tance was gradually decreased afterward, but the na- 
sotracheal tube was kept in place as a stent. After 2 


episodes of emesis on the 10th postoperative day, 
Nissen fundoplication and gastrostomy were carried 
out on the 11th postoperative day. Since concurrent 
laryngoscopy, tracheobronchoscopy, and esophagos- 
copy demonstrated sufficient cicatrization of the tra- 
cheoesophageal septum, the endotracheal tube was 
removed on the 12th postoperative day. No further 
aspiration was observed, and the SpO2 remained ade- 
quate without supplemental oxygen. 


On the 15th postoperative day, total parenteral nu- 
trition was stopped and enteral feeding through the 
gastrostomy was started. Endoscopy at | month dem- 
onstrated that the suture line was intact on both the 
tracheal and esophageal sides of the septum (Fig 3). 
Oral feeding was attempted on the 30th postopera- 
tive day, but could not be continued because of aspi- 
ration. An upper gastrointestinal series showed no 
evidence of fistula and suggested that the aspiration 
was due to decreased pharyngoesophageal motility. 
The infant was discharged from the hospital on the 
35th postoperative day. After 2 months of physiother- 
apy to improve pharyngoesophageal function, anoth- 
er upper gastrointestinal series was performed, show- 
ing no sign of aspiration. By the end of the 3rd post- 
operative month, oral feeding was adequate and the 
gastrostomy tube was removed. The child is currently 
32 months old and has normal voice and oral food 
intake. 


DISCUSSION 


Successful treatment of a type IV LTEC depends 
on maintaining adequate ventilation and preventing 
gastroesophageal reflux (GER) and aspiration in the 
preoperative period. ? In our case, adequate oxygen- 
ation was maintained by spontaneous breathing with 
oxygen delivery through nasal cannulae. Continuous 
nasopharyngeal suctioning was performed to remove 
oral secretions. To minimize GER, we maintained the 
patient in an upright position and administered omep- 
razole. Feeding was performed by the parenteral route. 


The decision to perform operative repair depends 
on the overall status of the patient. Two important 
prognostic factors are the magnitude of the LTEC 
and coexistence of other congenital anomalies. In an 
85-case review, Roth et al? reported that the mortal- 
ity rate ranged from around 43% for types I, II, and 
II to 90% for type IV. Concurrent congenital mal- 
formations are found in 5696 of patients with LTECs 
and in 67% of fatal cases.!! Tracheoesophageal fis- 
tula has been reported in 20% to 27% of type I, II, 
and III LTECs and may cause a poor outcome if not 
corrected.!!-!? Laryngotracheoesophageal clefts have 
also been reported in association with Opitz syn- 
drome and Pallister Hall syndrome.!4.!5 
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A major problem in type IV LTEC repair is achiev- 
ing adequate exposure. As have many other clini- 
cians,2-1! we preferred the anterior laryngotracheal 
approach with median sternotomy to lateral pharyn- 
gotomy with right thoracotomy.^? The main advan- 
tages of the anterior approach are to provide excel- 
lent direct operative access with minimal dissection 
at the cervical level and no risk of recurrent nerve 
damage. | 


Another critical challenge in LTEC repair involves 
maintaining adequate ventilation of both Jungs dur- 
ing the procedure. Ryan et al? and Donaboe and Gee!ó 
used custom-made bifurcated endotracheal tubes to 
achieve bilateral ventilation. Since these tubes were 
not available at our institution, we used two 2.0-mm— 
internal diameter endotracheal tubes, one placed sep- 
arately in each main stem bronchus. The two tubes 
were connected by means of a double T-piece. In this 
way, it was possible to perform ventilation with a sin- 
gle ventilator. However, the presence of the endotra- 
cheal tubes hinders access to the surgical site during 
the repair phase. 


Two solutions could have been used to obviate the 
need for cumbersome endotracheal tubes and maxi- 
mize exposure during repair, ie, CPB and extracor- 
poreal membrane oxygenation (ECMO). We opted 
for CPB because of its availability and relative sim- 
plicity. The main drawback to CPB is that it cannot 
be applied for longer than several hours. This prob- 
lem was resolved by limiting the use of CPB to the 
repair phase of the procedure so that the duration of 
bypass was only 138 minutes. However, the dura- 
tion of anesthesia was much longer, because this case 
was very complex. A good portion of the anesthesia 
time was spent ensuring that the endotracheal tube 
placement and ventilation were adequate before com- 
mencing with surgical incision, and dealing with low 
cardiac output and respiratory failure in the early 
postoperative period. Possible advantages of ECMO 
would have been to allow ventilatory support for a 
period of several days and to avoid postoperative 
trauma.!’ Use in our patient might have avoided the 





two postoperative complications, ie, Jow cardiac out- 
put and acute respiratory failure. However, ECMO 
is a demanding technique that requires repeated re- 
positioning of the cannulae and/or adjustment of the 
circuitry both during and after the operation. Another 
drawback of ECMO is the risk of devastating cen- 
tral nervous system hemorrhage. 


Protection of fresh sutures is an important issue 
for LTEC repair. Two important precautions against 
fistulous complications and cleft recurrence are 2- 
layer closure with nonoverlapping sutures?:1.16 and 
single-stage repair whenever possible.9 Postopera- 
tive suture-related complications have also been cor- 
related with GER and nasogastric tube placement. 
According to Hof et al,!5 clinically significant GER 
can cause suture breakdown for up to several weeks 
after successful LTEC repair. Nasogastric tubes can 
result in pressure necrosis. To avoid these problems, 
many authors recommend Nissen fundoplication and 
gastrostomy prior to cleft repair. In our patient, 2 epi- 
sodes of GER occurred on the 10th postoperative day, 
and Nissen fundoplication with gastrostomy was car- 
ried out the next day. 


Successful repair of an LTEC may not lead to im- 
mediate restoration of normal function. In most cases, 
oral feeding must be started progressively to allow 
establishment of the swallowing reflex and pharyn- 
goesophageal motility.?:!! In our patient, normal oral 
feeding was achieved 2 months after the operation, 
after physiotherapy to improve pharyngoesophageal 
motility. 

CONCLUSION 


This report describes a case involving 1-stage cor- 
rection of atype IV LTEC using CPB. This technique 
facilitated the repair phase of the procedure by en- 
suring adequate blood oxygenation and maximizing 
operative exposure. Use of CPB should be consid- 
ered in any situation in which endotracheal intuba- 
tion may interfere with operative exposure. In the 
postoperative period, care must be taken to prevent 
suture line damage due to positive pressure ventila- 
tion and GER. 
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The incidence of nasal polyposis among children 5 to 18 years of age with cystic fibrosis (CF) was investigated with a systematic 
examination of all children on the local CF register. Out of 23 children with CF, 13 had endoscopic evidence of nasal polyposis. Four 
children had grade 2 polyposis, and 9 children had grade 3 polyposis. Complete opacity of the maxillary sinus was identified on a 
computed tomographic sinus scan in all but 2 of the children. Only 1 child had a developed frontal sinus. Between 1989 and 2000, 12 
children underwent radical endoscopic sinus surgery for their nasal polyposis. There was good postoperative improvement in all of 
the children; however, 7 eventually required revision surgery because of recurrence of the nasal polyps. The median interval between 
repeated sinus surgeries was 4 years (range, 18 months to more than 6 years). This information can help in the counseling of parents 


when sinus surgery is considered for children with CF. 


KEY WORDS — cystic fibrosis, nasal polyposis, sinus surgery. 


INTRODUCTION 


Cystic fibrosis (CF) is a genetic disease with auto- 
somal recessive inheritance. The CF gene is located 
at chromosome 7 and is responsible for the CF trans- 
membrane regulator (CFTR). The CFTR is a mem- 
brane-bound protein that has peen shown to be capa- 
ble of chloride ion transport.! Deficiency of CFTR 
in a CF sufferer causes chloride channel dysfunction 
at the epithelial cells lining the airway and the exo- 
crine glands. It results in a flux of sodium chloride 
into the epithelial cells, leading to dehydration of the 
extracellular fluids and accumulation of thickened 
inspissated mucus secretions in the air passage and 
the sinus cavity.? Hence, chronic rhinosinusitis can 
be one of the manifestations of CF in children. In rare 
circumstances, sinonasal disease may even be the in1- 
tial presenting symptom in CE? 


The overriding concerns in children with CF are 
usually recurrent or chronic chest infections and mal- 
absorption due to pancreatic insufficiency. It is rela- 
tively unusual for otolaryngologists to be involved 
in the routine management of children with CF. In 
most cases, the patients are referred to otolaryngolo- 
gists only if the child develops nasal symptoms. Since 
1989, the senior author (M.W.Y.) has provided a sys- 


tematic rhinologic assessment of all children with 


CF at the Ipswich Hospital National Health Service 
(NHS) Trust, which serves a population of 350,000. 
The local population in East Suffolk tends to be rela- 


tively settled; hence, it allows the senior author to 
follow up these children for long periods. 


PATIENTS AND METHODS 


Since 1989, the senior author has been providing 
a routine assessment of all of the children with CF in 
East Suffolk. As part of the initial assessment by the 
pediatricians at the Ipswich Hospital NHS Trust, na- 
sal symptoms were already systematically inquired 
after and recorded on the clinical records of all chil- 
dren with CE. These children were identified from 
the local CF patient register, and they were called for 
a full otorhinolaryngological examination by the se- 
nior author once they reached the age of 5 years. Also 
as part of the routine CF assessment, all of the patients 
had regular sputum and cough swab culture. Nasal 
endoscopy was performed in all patients. Children 
Who did not have nasal symptoms or endoscopic evi- 
dence of nasal polyposis were followed up at the ear, 
nose, and throat (ENT) clinic only once every year. 
As part of the routine sinus assessment, a computed 
tomographic (CT) scan of the sinuses was requested 
on all children with CF. Occasionally, children were 
referred to the ENT clinic at the request of a pedia- 
trician even before 5 years of age, but many were 
not yet cooperative enough for rigid nasal endoscopy 
or a CT scan of the sinuses. These procedures were 
delayed until the child became more cooperative at 
an older age. 
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TABLE 1. MEAN CT SCORE (ACCORDING TO LUND- 
MACKAY STAGING) OF EACH SINUS AREA IN 
CHILDREN WITH CYSTIC FIBROSIS 


Children Children 
With Sinus Without Sinus 
Surgery (nz 12) Surgery (n= 11) 
Sinus Area Right Left Right Left 
Maxillary sinus 1.92 2 1.55 1.64 


Anterior ethmoid sinus 1.75 1.83 0.64 0.73 
Posterior ethmoid sinus 1.67 1.58 0.55 0.45 


Sphenoid sinus 1.45 1.63 1.00 1.00 
Frontal sinus * * 2.0T 2.001 
Ostiomeatal complex 2 2 1.64 1.64 


Maximal score of each sinus site on one side is 2. 
CT —- computed tomography. 
*Frontal sinus in all children was hypoplastic. 


1Only 1 of 11 children had developed frontal sinus, which was still 
small. 


It is the philosophy of the authors that improve- 
. ment of the quality of life is an important aspect of 
the management of children with CF, and therefore 
chronic rhinosinusitis was treated vigorously. Many 
of these children were already on long-term prophy- 
lactic antibiotic treatment for recurrent chest infec- 
tions. Some also received nebulized colistin for Pseu- 
domonas chest infection. Children with early nasal 
polyposis were treated routinely with steroid nasal 
drops. However, topical antibiotics were not used as 
treatment for nasal polyposis in these children. The 
decision for sinus surgery was made jointly by the 
otolaryngologist (M.W.Y.) and the pediatrician (J.G.). 
Children with severe nasal symptoms associated with 
nasal polyposis were offered surgery. For those chil- 
dren who required surgery, the parents were warned 
that repeated surgery was inevitable. The children 
were admitted several days before the operation un- 
der the care of the CF pediatrician (J.G.) for cardio- 
pulmonary workup in preparation for the operation. 
Because all of the children invariably had extensive 
nasal polyposis and pansinusitis, they were treated 
with radical endoscopic sinus surgery including total 
ethmoidectomy, middle meatal antrostomy, and sphe- 
noidotomy. The anterior and inferior portions of the 
middle turbinate were resected. The end result was a 
cavity in front of the anterior skull base widely com- 
municating with the large sinuses. The authors did 
not perform routine coagulation screening before 
1990. Since 1990, all children 5 years of age and 
older have had a yearly prothrombin screening and 
liver function test as part of the workup. None of the 
patients showed any evidence of coagulation defect. 
Indeed, troublesome bleeding was not encountered 
in any children with CF during the endoscopic opera- 
tion, even though the middle turbinates were partially 
resected in all cases. The endoscopic sinus surgery 


TABLE 2. SUMMARIZED FREQUENCY 
DISTRIBUTIONS OF CT SCORES FOR CHILDREN 
WITH AND WITHOUT SURGERY 


tee 





Total Score 
0 1-9 10-14 15-19 20 
Surgery : 0 0 3 3 6 
No surgery 2 0 7 2 0 


Data are totaled over 10 regions for which full data were available. 


and nasal polypectomy were carried out with endo- 
scopic surgical instruments rather than a microde- 
brider. All of the patients received antibiotics during 
and after operation, but systemic steroids were not 
routinely given before or after the operation. After 
the sinus operation, the children were instructed to 
perform douching of the nose with saline solution 
and to use steroid nose drops daily on a long-term 
basis. Topical antibiotics such as gentamicin lavage 
were not used as follow-up treatment, although this 
has been suggested by other workers.^ Once the sinus 
cavity healed, the patient was followed up at the ENT 
clinic every 6 months for assessment of progress. 
None of the patients were discharged from the clinic, 
in order to maintain long-term follow-up. The pa- 
tients, or their parents, were asked on each attendance 
to rate the symptoms as being worse, the same, or 
better since the operation. Specific nasal symptoms 
were evaluated, including nasal obstruction, nasal dis- 
charge, sense of smell, postnasal discharge, facial 
pain, and headache. Nasal endoscopy was performed 
routinely on each visit, and any recurrence of nasal 

polyps was recorded. 


RESULTS 


Between 1989 and 2000, 34 children (initially 18 
years of age or younger) were on the CF patient re- 
gister at East Suffolk. Eleven children were younger 
than 5 years of age, and therefore only 23 of a total 
of 34 children with CF were called for a full otorhino- 
laryngological assessment including a CT scan of the 
sinuses. The results of the CT scan in these 23 chil- 
dren, based on the Lund-Mackay CT staging or scor- 
ing system,? are summarized in Table 1. Complete 
opacity of the maxillary sinus was identified in all 
but 2 of the children examined. A very common fea- 
ture was the demineralization of the uncinate process 
and medial displacement of the lateral nasal wall in 
the middle meatus, which was observed in three quar- 
ters of the patients. Another typical CT finding in 
children with CF was hypoplasia of the frontal sinus. 
A summary of the total CT scores over 10 of the 12 
regions (omitting the frontal sinus, for which scores 
were available for just 1 patient) is given in Table 2. 
As expected, the group of children who were offered 
sinus surgery had significantly higher total CT scores 
(x? = 10.2; p « .01) than did the rest of the children. 
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TABLE 3. INDICATIONS FOR SURGERY AND SELF-RATING OF CHANGE OF SYMPTOMS OF CHRONIC SINUSITIS 
SIX MONTHS AFTER RADICAL ENDOSCOPIC SINUS SURGERY 


Nasal 
Patient No. Indications for Surgery Blockage 

1 PO Better 
2 TO, An Better 
3 TO, An, ND, PND Better 
4 TO, An, PND Better 
"M TO, An, ND Better 
6 TO, An, ND, PND Better 
7 TO, An, ND, PND Better 
8 PO, An, PND Better 
9 TO, An Better 
10 TO, An Better 
]1 PO, PND Better 
12 TO, An Better 


Facial Pain 


Nasal Postnasal 
Discharge Anosmia Drip or Headache 

NS NS NS NS 
NS Better NS NS 
Better Better Better NS 
NS Better Better NS 
Better Better NS NS 
Better Better Better NS 
NS Better NS NS 
NS Better Better NS 
Better Better Same NS 
NS Better Better NS 
NS: NS Better NS 
NS Better NS NS 


PO — partial nasal obstruction, NS — absence of symptoms both before and after operation, TO — total nasal obstruction, An — anosmia, ND 


— nasal discharge, PND ~~ postnasal discharge. 


Of the 23 children with CF assessed by the senior 
author, 13 had evidence of nasal polyposis. Accord- 
ing to the staging system for nasal polyps recom- 
mended by Mackay and Lund;? 4 patients had grade 
2 polyposis and 9 patients had grade 3 polyposis. 
Endoscopic sinus surgery was performed in all of 
the children who had grade 3: nasal polyposis and in 
3 of the 4 children who had grade 2 polyposis. On 
top of that, another child had submucous diathermy 
to the enlarged inferior turbinates as a result of al- 
lergic rhinitis, but that was not associated with nasal 
polyposis. Of those children who underwent endo- 
scopic sinus surgery, 7 were male and 5 were female. 
There was no clear relationship between CF genotype 
and the severity of polyposis. Seven of the 12 who 
underwent operation were homozygous for delta 
F508, and the other 5 were compound heterozygotes 
for delta F508 and another gene. Of the remaining 
11 patients who did not undergo operation (age 5 to 
18 years), 5 were homozygous for delta F508, no 
data were available on 2 patients, and 4 were com- 
pound heterozygotes for delta F508 and another gene. 
The median age of the children when they had their 
first sinus operation was 8 years (range, 5 to 16 years). 
Although the number of children in the present study 
was small, it does show a trend of maximum disease 
activity in the nose between 8 and 10 years of age, 
as 7 of the 12 children who had sinus operations were 
in this age group at the time of their first operation. 
Two of the children who had sinus surgery were 
twins. The majority of those who underwent surgery 
(7 of 12 patients) had Pseudomonas aeruginosa col- 
onization of upper or lower airways on sputum or 
cough swab culture before operation. In 1 child, Hae- 
mophilus influenzae was cultured, and in the other 4 
children, only commensal organisms or no organisms 
were identified. One surprising observation was that 


none of the 23 children had chronic serous otitis me- 
dia, and hence none of the patients required grom- 
met insertion. The indications for surgery for each 
patient are shown in Table 3. Nine of the 12 children 
with endoscopic sinus surgery had complete nasal ob- 
struction and total anosmia due to grade 3 nasal poly- 
posis. Three children had partial nasal obstruction 
from the nasal polyps, but also symptoms of chronic 
sinusitis that were affecting their quality of life. 


The operative findings for all of the children were 
very similar. Extensive polyps were found in the nose 
and almost all of the sinuses. Pyocele of the ethmoid 
and maxillary sinuses with thick, green inspissated 
pus was found in all of the patients. In 10 of the 12 
children, the sphenoid sinus was also filled with in- 
spissated pus. In spite of extensive surgery on the 
sinuses, there was no perioperative or postoperative 
complication in any of the patients. There were no 
cardiopulmonary complications, and none of the pa- 
tients stayed in the hospital for more than 2 days after 
surgery. 


Specific symptoms of chronic sinusitis were sys- 
tematically inquired after on all of the follow-up vis- 
its. The children or their parents were simply asked 
to rate the various symptoms as worse, better, or the 
same after the operation. À more sophisticated assess- 
ment, such as a symptom severity score, was thought 
to be impractical for some of the young children in 
the present study. The.symptomatic improvements 
reported by the parents 6 months after the first sinus 
operation are shown in Table 3. None of the children 
complained of sinus pain either before or after the 
operation. In fact, pyocele of the paranasal sinuses 
in these children did not seem to give rise to headache 
or sinus pain. The improvements enjoyed by almost 
all of the patients were unblocking of the nose and 
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TABLE 4. PROGRESS OF CHILDREN WITH CYSTIC 
FIBROSIS AFTER RADICAL ENDOSCOPIC SINUS 


SURGERY 
Interval Interval Interval 
Age at Between Between Between 


First Ist and 2nd 2nd and 3rd 3rd and 4th 
Patient Operation Operations Operations Operations 


No. (y) (y) (y) (y) 


1 5 1/2* 

2 8 1* 

3 8 2* 

4 7 21/2 1* 

5 3 lif 2! /o* 

6 15 4 1!f* 

7 8 Sip ]* 

8 16 41/9 2lf* 

9 8 4 6* 
10 10 3 2 61/2* 
1] 9 1* 
12 9 1* 


*No further operation yet required or planned. 


improved olfactory ability. In every patient, the sinus 
cavity healed with a polypoid mucosal lining. Even- 
tually, nasal polyps recurred in all patients, although 
most patients remained relatively free of symptoms 
for a few years. Between 1989 and 2000, 7 children 
underwent revision sinus surgery because of a return 
of nasal symptoms. Table 4 illustrates the progress 
of each patient and the intervals between repeated 
sinus surgeries. One patient had 3 revision operations 
for recurrent nasal polyps. The shortest interval be- 
tween repeated operations on the sinuses was 18 
months, and the longest interval was more than 6 
years. The median interval was 4 years. 


DISCUSSION 


The diagnosis of chronic rhinosinusitis in children 
with CF is not always easy. Headache or facial pain 
is extremely uncommon in children with CF.’ Most 
parents or patients reported symptoms of nasal block- 
age, purulent rhinorrhea, and anosmia.’* In a child, 
it may be sometimes difficult to differentiate between 
the symptoms of chronic rhinosinusitis, adenoid hy- 
pertrophy, and allergic rhinitis. On the other hand, 
the diagnosis of nasal polyposis is much more straight- 
forward, provided the child can cooperate with the 
procedure of nasal endoscopic examination. In the 
present study, 13 of 23 children with CF (5796) be- 
tween 5 and 18 years of age had nasal polyposis, and 
9 of them had total nasal obstruction. The Ipswich 
Hospital NHS Trust is a district general hospital serv- 
ing a population of 350,000, rather than a tertiary 
referral center; therefore, this figure represents an 
undistorted incidence of nasal polyposis among chil- 
dren with CF between the ages of 5 and 18 years. A 
previous report from Texas Children's Hospital? re- 


vealed that 22 of 93 patients with CF between 5 
months and 27 years of age had evidence of nasal 
polyposis based on anterior rhinoscopy. The higher 
incidence of nasal polyposis in our study may be a 
result of the selected age group. Also, the use of a 
rigid nasal endoscope allows the detection of even 
small polyps within the middle meatus of the nose. 


Up to the present, there were not many reports in 
the literature of systematic CT scanning of the sinuses 
in children with CF. April et all? studied the CT scans 
of 12 children with CF who had symptoms of rhino- 
sinusitis and observed some common features, in- 
cluding hypoplasia of the frontal sinus, total opacity 
of the maxillary sinus with medial displacement of 
the lateral nasal wall, and uncinate process demineral- 
ization. 


The present study included all children with CF 
between 5 and 18 years of age, with or without symp- 
toms of rhinosinusitis. It is surprising that 2 children 
in the present study had relatively normal-looking 
sinus scans (total CT scores of less than 4). Neely et 
al? also investigated 93 patients with CF between the 
ages of 5 months and 27 years with radiography of 
the sinuses and reported that the developed sinuses 
were opaque in every patient. 


The treatment of-nasal polyposis in children with 
CF often depends on the philosophy and the enthusi- 
asm of the surgeon. It has to be recognized that these 
children represent an increased anesthetic risk even 
forasimple polypectomy operation. Furthermore, the 
mucosal disease can never be eradicated by surgery. 
Some clinicians advocate extensive sinus surgery !!+12 
for nasal polyposis, whereas others advocate simple 
nasal polypectomy in order to shorten the anesthetic 
time.1?:1^ In recent years, endoscopic sinus surgery 
has been used by many surgeons, although the extent 
of the surgery still varies according to the enthusiasm 
of the surgeons.!5:!6 Many published reports were 
from tertiary referral centers,!!.!3 and hence the fol- 
low-up studies were reviews of patients over rela- 
tively short periods rather than long-term longitudinal 
studies. 


In general, we advocate the use of intranasal cor- 
ticosteroids for patients with CF who have grade 1 
or even grade 2 nasal polyposis. Surgery is recom- 
mended for those with significant nasal symptoms 
that do not respond to conservative treatment. Accept- 
ing that recurrence of the nasal polyps is inevitable, 
the senior author prefers a radical sinus operation 
via an endoscopic approach for children with CF. As 
a matter of routine, total ethmoidectomy is performed 
in all of the patients. The maxillary and sphenoid si- 
nuses are widely opened into the nasal cavity. Fortu- 
nately, the frontal sinus is usually poorly developed 
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in children with CF, and therefore surgery on the fron- 
tal sinuses is often not necessary. Routine trimming 
of the middle turbinate allows douching of the nose 
and the communicating sinuses following the opera- 
tion to be more effective. A theoretical benefit of reg- 
ular nasal douching is to mechanically remove mu- 
cus collected in the nose and sinuses to prevent sec- 
ondary infection. Of a total of 23 children with CF 
between 5 and 18 years of age assessed by the au- 
thors over a 12-year period, 12 (52%) have under- 
gone endoscopic nasal operation. This proportion 
does seem to be high compared to other series. Bri- 
haye et al!" reported on a series of 248 patients with 
CF, of whom only 55 underwent endoscopic opera- 
tion. This difference is most probably a result of the 
different cohorts of patients reported. Our study is 
confined to an age group of 5 to 18 years and is based 
on a longitudinal study of a stable population over 
time. Many children with CF underwent nasal surgery 
5 to 10 years after the initial presentation to the au- 
thors. The children who underwent surgery eventual- 
ly had symptoms that had compromised their quality 
of life. All of the patients had nasal obstruction and 
symptoms of chronic sinusitis such as anosmia and 
anterior or posterior nasal discharge (Table 3). Thus, 
the indications for surgery as reported in the present 
study did not differ from those of other reports.417.18 


It is the authors' opinion that the reporting of the 
outcome following sinus surgery in children with CF 
should not be based on the recurrence rate of the nasal 
polyps, as recurrence is regarded as inevitable if the 
patient is followed up for long enough. Instead, the 
results should include the average interval between 
revision surgeries. Drake-Lee and Morgan? reported 


that the average time between recurrences of the nasal 
polyps following simple polypectomy was 18 months, 
whereas the median time between revision surgeries 
in the present study was 4 years. It thus appears that 
radical sinus surgery offered a longer remission pe- 
riod than simple polypectomy. A similar conclusion 
has been reported elsewhere.!! However, up to now, 
there has not been a single randomized study in the 
literature comparing the long-term results between 
simple nasal polypectomy and radical sinus surgery 
on children with CF. The senior author attempted to 
conduct such a study in 1989. Jt was abandoned be- 
cause pyocele of the maxillary sinus was identified 
in all of the children with CF at the time of surgery, 
and it would have been unethical to leave the pyocele 
behind in half of the children. 


The senior author has performed more than 2,000 
endoscopic sinus operations. It must be said that the 
most satisfying ones have been in children with CF. 
These children have a reduced life expectancy that 
makes even a few years of symptomatic relief very 
worthwhile. The benefits of the operation, such as 
the relief of nasal obstruction and reduction of nasal 
discharge, were so obvious to the parents and the 
children themselves that they were happy to comply 
with the long-term nasal douching. When revision 
surgery became necessary, consent from the parents 
was forthcoming and given with enthusiasm. How- 
ever, the aim of the present report is not to promote 
radical sinus surgery for children with CF. It is a long- 
term longitudinal study of children with CF who have 
undergone radical endoscopic surgery for nasal poly- 
posis. The information may assist other clinicians in 
the counseling of parents before surgery. 
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PARAGANGLIOMA OF THE CERVICAL SYMPATHETIC TRUNK 


MANFRED T. BIRCHLER, MD 
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We report the case of a 17-year-old man who presented with left-sided Horner's syndrome. Magnetic resonance imaging re- 
vealed a spindle-shaped cervical tumor in the left paravertebral space. During operation, a tumor originating from the left sympa- 
thetic trunk was found. The histopathologic analysis showed a sympathetic paraganglioma. The sympathetic trunk is an extremely 
rare location for a cervical paraganglioma; only a few cases have been reported in the literature. 


KEY WORDS — cervical sympathetic trunk, head and neck, Horner's syndrome, paraganglioma. 


INTRODUCTION 


Paragangliomas are rare, slow-growing, highly 
vascular tumors that arise from extra-adrenal para- 
ganglionic tissue, which is embryologically derived 
from neural crest cells. The largest collection of these 
cells is found in the adrenal medulla, where they give 
rise to pheochromocytomas. The extra-adrenal para- 
ganglionic system is grouped into 4 families — the 
branchiomeric, the intravagal, the aortico-sympa- 
thetic, and the visceral-autonomous — based on ana- 
tomic distribution, innervation, and microscopic 
structure.! Extra-adrenal paragangliomas are found 
along branches of autonomic nerves throughout the 
body. Only 3% occur in the head and neck; 85% are 
found below the diaphragm, and 1046 represent in- 
trathoracic lesions.? 


As summarized in a 1996 literature overview of 
514 paragangliomas of the head and neck by Mickley 
et al, the most commonly found cervical paragan- 
gliomas are of branchiomeric origin, with 62% oc- 
curring in the carotid body and 27% in the jugulotym- 
panic region. Other, more unusual sites have also 
been reported in 296 of cases, including the nose and 





Fig 1. Left-sided upper and lower lid ptosis with left pal- 
pebral fissure of 6 mm versus 8 mm on right side and 
smaller left pupil with difference of 3 mm in dark and 
1.5 mm in light were observed. 











paranasal sinuses, the larynx, and the orbit. Intravagal 
paragangliomas are found in 9% of cases.^ 


We report the case of a patient who presented with 
Horner's syndrome and whose diagnostic workup re- 
vealed a paraganglioma arising from the cervical 
sympathetic trunk. 

CASE REPORT 


In March 1999, a 17-year-old man noticed focus- 
ing problems during rifle shooting. At the same time, 
anisocoria had been observed by his mother. Oph- 
thalmologic examination revealed a left-sided Hor- 
ner's syndrome without any additional ocular abnor- 
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Fig 2. Focused magnetic resonance image of neck shows 
circumscribed, spindle-shaped mass of 3 x 1.5 x 1.3-cm 
size in left paravertebral space (C4-5), posterior to ca- 
rotid artery, with lateral and anterior displacement of in- 
ternal jugular vein (asterisk). 
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malities (Fig 1). Pharmacological testing with topi- 
cal application of cocaine hydrochloride confirmed 
the diagnosis of a left-sided oculosympathetic pare- 
sis. Subsequently, pholedrine, an indirect sympatho- 
mimetic agent, was topically applied to both eyes and 
resulted in a reduction of the anisocoria, thus sug- 
gesting the site of the lesion to be preganglionic. Be- 
cause the patient's preganglionic Horner's syndrome 
was truly isolated, with no signs of brain stem in- 
volvement, a lesion of the second neuron of the left 
oculosympathetic pathway was postulated, and im- 
aging from levels C2 to T6 was ordered (Fig 2).° 


By its clinical manifestation and the radiologic 
shape and location, a benign neurinoma of the sym- 
pathetic trunk or the vagal nerve was suspected. Be- 
cause of the risk of postoperative vagal palsy, the 
patient was followed clinically and a repeat magnetic 
resonance imaging (MRI) scan was performed 6 
months later, showing no tumor growth. Apart from 


Fig 4. Hematoxylin and eosin-stained slide 
shows tumor growing in cords and nests (large 
asterisk; original x40). Tumor cells are of poly- 
morphous appearance. Next to tumor, there is 
ganglion (small asterisk), separated from it by 
fibrous capsule. 


Fig 3. Gross view of soft encapsulated tumor, 
showing reddish brown cut surface with focal 
hemorrhage. 


the Horner's syndrome, no other clinical symptoms 
were noticed. 


The young patient finally wanted to have the le- 
sion excised and subsequently underwent transcer- 
vical exploration. During operation, the tumor was 
found to originate from the sympathetic trunk, such 
that with the lesion the trunk had to be resected. The 
vagal nerve was not related to the tumor, and no 
changes of blood pressure through manipulation were 
noticed. 


Gross findings showed a soft, encapsulated tumor 
with a reddish brown cut surface with areas of focal 
hemorrhage (Fig 3). Histopathologic analysis showed 
the typical morphology of a paraganglioma in direct 
proximity to a ganglion (Fig 4). The growth pattern 
of the encapsulated tumor was characterized by nests 
(Zellballen) and trabeculae of oval and polymorpho- 


nuclear cells. Immunohistochemical staining showed 
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Fig 5. Immunohistochemically stained slide for 
chromogranin A, with strong cytoplasmic ac- 
tivity (original x180). 


an immunoreactive pattern typical of a tumor of adre- 
nal or extra-adrenal origin?:!?: positivity for synapto- 
physin (DAKO 1:50), chromogranin A (Enzo 1:30; 
Fig 5), neuron-specific enolase (DAKO 1:100), and 
CD 57 (HNK-1; DAKO 1:30); negativity for pancy- 
tokeratin (BMS 1:250); and positivity of sustentacu- 
lar cells for S-100 (DAKO 1:500). The proliferative 
index (percentage of MIB [Milan Analytica 1:20|- 
positive cells) was less than 3%. 


The postoperative course was uneventful, and the 
left-sided Horner's syndrome persisted. 


DISCUSSION 


Paragangliomas of the neck are rare tumors that 
may present as slowly growing masses in the lateral 
part of the neck. The differential diagnosis of a le- 
sion in the lateral part of the neck includes lymphad- 
enopathies, branchial cleft cysts, salivary gland tu- 
mors, aneurysms of the carotid artery, neurogenic tu- 
mors, and paragangliomas. 


Although all paragangliomas are theoretically ca- 
pable of producing catecholamines and other neuro- 
endocrine hormones, in fewer than 2% of head and 
neck tumors is this clinically detectable.!!.!? Famil- 
ial paragangliomas are estimated to account for 7% 
to 9% of those arising in the head and neck. They are 
multicentric in 25% to 33%, as compared to about 
2% to 10% of those that occur sporadically. !!-!3 Ma- 
lignancy of cervical paragangliomas is controversial 
and has been described to occur in between 2% and 
12% of cases,46.11.12.1^ but it is generally accepted 
that the malignant potential of paragangliomas can- 
not be predicted by histologic appearance alone. 


In our case, on the basis of the combination of a 





preganglionic Horner's syndrome with a spindle- 
shaped paravertebral tumor on MRI, the differential 
diagnosis included a neurinoma of either the sympa- 
thetic trunk or the vagal nerve. Surgery confirmed 
the origin to be in the sympathetic trunk, but the his- 
tologic analysis revealed a paraganglioma. We there- 
fore conclude that a sympathetic paraganglioma may 
have the same radiologic appearance as a neurinoma. 


To date, only a few cases of paragangliomas aris- 
ing from the cervical sympathetic trunk have been 
described in the literature. Most cases of aorticosym- 
pathetic paragangliomas have been reported to oc- 
cur in the posterior mediastinum or retroperitone- 
um.2-15-17 


In the literature we have found 7 reports with clear 
descriptions of paragangliomas arising from the cer- 
vical sympathetic trunk ?.!!./5-7? of which 4 were cate- 
cholamine-secreting tumors. !*-?! In 5 cases, an ipsi- 
lateral Horner's syndrome was described.^ 5-207 
Cone,!8 in 1958, and Gibbs et al,*! in 1977, both re- 
ported a case of a child (8-year-old boy and | 3-year- 
old girl) with a history of hypertension who had a 
functioning pheochromocytoma of the adrenal gland 
in combination with a functioning paraganglioma of 
the cervical sympathetic trunk. Functioning paragan- 
gliomas are often referred to as extra-adrenal pheo- 
chromocytomas. Glenner et al,!? in 1962, and Fries 
and Chamberlin,?? in 1968, described 2 more patients 
(both male, 8 and 21 years old) with functioning para- 
gangliomas of the cervical sympathetic trunk who 
initially presented at the hospital with a painless cer- 
vical mass and ipsilateral Horner's syndrome with- 
out a history of hypertension. The blood pressure 
fluctuated widely during dissection of these func- 
tioning paragangliomas; | patient even died of car- 


1090 Birchler et al, Cervical Sympathetic Paraganglioma 


diac arrest in the immediate postoperative course.1? 
Sobol and Dailey,!! in 1990, reported 1 familial case 
of anonfunctioning cervical sympathetic paragangli- 
oma in a 28-year-old woman from a family of 4 sib- 
lings who together had 9 cervical paragangliomas. 
The tumor had been asymptomatic and was detected 
by acomputed tomographic scan performed because 
of the positive family history. In addition, a mass on 
the contralateral side was found, which proved to be 
a carotid paraganglioma. Mickley et al,3 in 1996, and 
Moyer and Bradford," in 2001, each reported a pa- 
tient (24-year-old man and 30-year-old woman) with 
a nonfunctioning cervical sympathetic paraganglio- 
ma, presenting with a slow-growing cervical mass 
and an ipsilateral Horner's syndrome without any oth- 
er symptoms or positive familial history. 


Furthermore, 4 cases of paragangliomas possibly 
related to the cervical sympathetic trunk could be 
found.122325 frons et al,!2 in 1977, mentioned 1 aor- 
ticosympathetic paraganglioma in their analysis of 
116 paragangliomas of the neck without further speci- 
fication. Crowell et al,” in 1982, presented the case 
of a functioning carotid paraganglioma, which they 
thought not to be directly related to the carotid body, 


but to the autonomic ganglia in this area. Saito et 
al,” in 1982, described the case of a pheochromocy- 
toma from the superior cervical sympathetic ganglion 
in the Japanese literature. Becker et al,?5 in 1992, 
described the case of a cervical pheochromocytoma 
in front of the sympathetic chain without giving ana- 
tomic details. Malignancy was not reported in these 
4 cases. 


Although cervical sympathetic paraganglioma is 
a very uncommon tumor, it should be included in 
the differential diagnosis of patients with pregangli- 
onic Horner's syndrome who have a mass along the 
sympathetic chain. The literature review revealed 
functioning tumors in half of the reported cases of 
cervical sympathetic paragangliomas. We consider 
the cervical sympathetic paragangliomas to belong 
to the sympathoadrenal neuroendocrine system, of 
which 25% to 86% of the tumors may be functional.!? 


Thus, we further conclude that measuring catecho- 
lamines in the urine is important in preventing se- 
vere intraoperative fluctuations of blood pressure 
whenever a paraganglioma of the sympathoadrenal 
system is included in the differential diagnosis. 
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The purpose of this study was to examine the effects of nimodipine on salicylate ototoxicity in guinea pigs. The compound 
action potential (CAP) was recorded at the round window, and the cochlear blood flow (CBF) was measured simultaneously from the 
lateral wall of the basal turn of the cochlea by laser Doppler flowmetry. After administration of salicylate (100 mg/kg), the CAP 
thresholds were significantly elevated, by 5 to 20 dB (p < .05), and the CBF was significantly decreased (p < .05). After administration 
of nimodipine (2 mg/kg), the CAP thresholds were unchanged, but the CBF had increased significantly (p < .05), while systemic 
blood pressure had decreased significantly (p < .05). Simultaneous administration of both salicylate (100 mg/kg) and nimodipine (2 
mg/kg) resulted in significant elevation of the CAP thresholds (p < .05), while the CBF did not decrease. These results suggest that 
nimodipine prevents the decrease in CBF induced by salicylate, but that nimodipine does not prevent the deterioration in the CAP. 


KEY WORDS — cochlear blood flow, compound action potential, guinea pig, nimodipine, salicylate. 


INTRODUCTION 


It is well known that the administration of large 
doses of salicylate causes reversible mild to moderate 
hearing loss and tinnitus in humans. Studies have 
correlated serum salicylate levels to hearing loss.1-4 
A reversible bilateral hearing loss of 20 to 30 dB at 
all frequencies occurs as the serum salicylate level 
approaches 300 mg/L.! Salicylate administration to 
guinea pigscauses relatively minor histologic changes 
to the outer hair cells of the cochlea, such as swell- 
ing. Dieler et al? speculated that this swelling of the 
outer hair cells could be mediated by changes in the 
intracellular calcium concentration. Salicylate pro- 
duces threshold elevations of 20 to 30 dB, and ab- 
normal neural synchronization has been observed in 
cat primary auditory cortex upon administration of 
sodium salicylate. We have previously suggested 
that changes in calcium ion (Ca?*) channel conduc- 
tance and the free intracellular Ca?* concentration 
result in abnormal neural synchrony in cortical cells." 
Abnormal neural synchrony was postulated as a po- 
tential correlate of tinnitus.5? 


Nimodipine, an L-type Ca?* channel antagonist, 
is lipophilic and readily crosses the blood-brain bar- 
rier.!9 Initially, nimodipine was used to prevent cere- 
bral artery spasms following subarachnoid hemor- 
rhage!? and to reduce neurologic deficits following 
ischemic stroke.!! In addition to its antivasoconstric- 
tor effect on the cerebral vessels, nimodipine has been 
used to treat tinnitus!? and Meniere's disease.!? In 


behavioral studies in the rat, the tinnitus induced by 
salicylate or quinine was totally abolished by nimodi- 
pine.1^15 Conversely, there have been reports that 
nimodipine is ineffective in the treatment of noise- 
induced hearing loss!© and the threshold elevation 
of the auditory brain stem response (ABR) induced 
by salicylate.! Moreover, Bobbin et al!5 reported 
ototoxic effects of nimodipine on the compound ac- 
tion potential (CAP), cochlear microphonics, and the 
summating potential. 


Although the effects of salicylate on the CAP 
threshold are now well understood, the effects of 
nimodipine on salicylate ototoxicity remain contro- 
versial. In the study reported here, we used the elec- 
trocochleogram to examine the effect of nimodipine 
on salicylate ototoxicity. In addition, we simultane- 
ously measured the cochlear blood flow (CBF). The 
CBF is related to cochlear function, because it con- 
trols the transport of oxygen and nutrients to (and 
removal of metabolites from) the inner ear. — 


MATERIALS AND METHODS 


Animal Preparation. Adult male Hartley guinea 
pigs weighing 300 to 420 g received an intraperito- 
neal injection of sodium pentobarbital at a dose of 
25 mg/kg body weight. After 15 minutes, Xylocaine 
(a mixture of lidocaine hydrochloride and epineph- 
rine) was injected subcutaneously around the trachea, 
and a tracheostomy was performed. The animals were 
paralyzed by an intramuscular injection of Relaxin 
(suxamethonium chloride) at a dose of 50 mg/kg 
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body weight and ventilated artificially. After head 
shaving and tracheostomy, Xylocaine was injected 
subcutaneously at the right retroauricular region, and 
then the right retroauricular skin was incised to ex- 
pose the round window. The left carotid artery was 
cannulated and connected to a pressure transducer 
for continuous blood pressure (BP) measurement 
with MacLab software (AD Instruments Pty Ltd, 
Sydney, Australia), while the left jugular vein was 
cannulated to compensate for the serum volume loss. 
We used heart rate and BP measurements to monitor 
the level of anesthesia. The guinea pig temperature 
was maintained at 37°C + 1°C with a thermostatically 
controlled unit (BW1-100, Bio Research Ltd, Na- 
goya, Japan). Animals were divided into 3 groups: 
salicylate (group S; n = 7), nimodipine (group N; n 
= 8), and salicylate and nimodipine (group SN; n = 
7). The effects of the drugs in each group were as- 
sessed by comparison of measurements made before 
and after drug administration. At the end of the ex- 
periment, the animals were painlessly sacrificed by 
an overdose of sodium pentobarbital. The care and 
use of the animals were approved by the Animal Care 
and Use Committee of St Marianna University. 


Acoustic Stimulus Presentation. Sound stimuli 
were presented by a loudspeaker (JBL-2450H, JBL 
Inc, Northridge, California) placed 40 cm from the 
tested ear. Calibration and monitoring of the sound 
pressure waveforms was performed with a condenser 
microphone (NA-41, Rion Ltd, Tokyo, Japan) posi- 
tioned above the animal’s head. The CAP audiograms 
were measured with tone bursts (1-ms rise-fall time, 
5-ms plateau) at 2, 4, 8, and 16 kHz. Rectangular 
electric stimuli of 0.1-ms duration were delivered to 
the transducer to produce the acoustic click. Both 
stimuli were generated by a masking generator (DPS- 
727, Dia Medical System Co, Ltd, Tokyo) and a stim- 
ulator (DPS-1100D, Dia Medical System Co, Ltd). 


Recording Strategy. The recording sequence was 
composed of 2 parts: CAP and CBF. The CAP record- 
ing and the CBF measurement were performed in 
the right ear in all animals. Both an electrode for CAP 
recording and a probe for CBF measurement were 
kept in the same place before and (over 90 minutes) 
after administration of drugs. After confirming the 
‘stability of the CAP, CBF, and BP, we recorded the 
preadministration data of these parameters to serve 
as controls. It usually took approximately 60 minutes 
to obtain a stable recording, after which each drug 
was slowly administered. Sodium salicylate at a dose 
of 100 mg/kg was administered intravenously in 
group S. This dosage is the same as that used in our 
previous study on the cortex.’ The dosage of nimodi- 
pine was determined by a preliminary study that as- 
sessed its effects on the ABR. The ABR threshold to 


click stimuli in 2 guinea pigs was elevated by more 
than 10 dB when 4 mg/kg of nimodipine was admin- 
istered, while 2-mg/kg and 1-mg/kg doses did not 
cause any threshold elevation. Therefore, nimodipine 
at a dose of 2 mg/kg was administered subcutane- 
ously in group N. Sodium salicylate at a dose of 100 
mg/kg was administered intravenously and nimodi- 
pine at a dose of 2 mg/kg was administered subcuta- 
neously in group SN. The CBF and BP were recorded 
for 90 minutes after the administration of each drug. 
The CAP recording was performed both before (as a 
control) and at approximately 30 minutes after the 
administration of each drug. 


CAP Recording. Asilver ball electrode was placed 
on the round window membrane. Electrical responses 
were amplified 10,000 times by a biophysical ampli- 
fier (AVB-11, Nihon Kohden Ltd, Tokyo), bandpass- 
filtered from 0.08 Hz to 10 kHz, and then fed to a 
Macintosh computer for averaging on the MacLab 
system. The activity was sampled at 20 kHz for 10 
ms after stimulus onset. The recording sequence was 
composed of 2 parts, using stimuli of tone bursts and 
clicks. 


CBF Recording. The mucosal vessels on the sur- 
face of the exposed cochlea were gently removed 
with cotton pledgets. The 0.5-mm-diameter “needle” 
probe of a laser Doppler flowmeter (BRL-100, Bio 
Research Ltd) was held securely in a micromanipula- 
tor while the probe tip was positioned against the 
lateral wall of the basal turn of the cochlea to mini- 
mize artifactual laser Doppler flowmetry signals 
caused by movement between the probe tip and the 
bone surface of the cochlea. A light coating of pe- 
troleum jelly was used between the probe tip and the 
bone surface of the cochlea in order to ensure constant 
optical coupling of the laser light and to prevent the 
accumulation of fluid and extraneous blood beneath 
the probe tip. The laser Doppler flowmeter averaging 
time was set to 1 second. The BP and CBF signals 
were digitally (and simultaneously) recorded with 
the MacLab system. 


Data Analysis. The CAP thresholds were deter- 
mined for each tone burst stimulus. The CAP ampli- 
tude is measured from the onset to the peak of the 
CAP. The CAP was recorded at approximately 30 
minutes after the administration of each drug. We 
were able to record the CAP before and after admin- 
istration of drugs in all 22 guinea pigs without chang- 
ing the electrode position. We were not able to record 
the CBF in 1 guinea pig in group N and 1 guinea pig 
in group SN, because of loss of the CBF signal. Con- 
sequently, CBF data were obtained from 7 guinea pigs 
in groups S and N and from 6 guinea pigs in group 
SN. The ratio of the CBF and BP data (CBF/BP ratio) 
was calculated. The values at the 0-minute point rep- 
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Fig 1. Relationships between change in compound action 
potential (CAP) threshold and tone burst frequency. 
Means + | SD (vertical bar) are indicated. Group S — 
salicylate group (n = 7); group N — nimodipine group 
(n = 8); group SN — salicylate and nimodipine group (n 
= 7). Asterisks indicate significant change (p < .05) 
following drug administration. 


resented the preadministration data. Each parameter 
Is expressed as the mean of the values measured for 
5 minutes around each indicated time. 


All tests were performed with the StatView 5.0J 
package for MS-Windows (SAS Institute Inc, Cary, 
North Carolina). Statistical tests for the data obtained 
before and after administration of each drug were 
based on the Wilcoxon signed rank test and Mann- 
Whitney U-test. Changes at the p « .05 level were 
considered significant. 


RESULTS 


Changes in CAP Thresholds. Figure 1 illustrates 
the changes in CAP threshold induced by each drug. 
The thresholds of group S were elevated by 5 to 20 
dB after salicylate administration. The means and 
standard deviations of the threshold elevation to each 
tone burst stimulus were as follows (n 2 7): 2 and 4 
kHz, 11.4 + 4.8 dB; 8 kHz, 12.9 + 3.9 dB; and 16 
kHz, 15.0 + 7.1 dB. These changes were all statisti- 
cally significant (Wilcoxon signed rank). The thresh- 
old elevations increased with increasing tone burst 
frequency; however, these frequency-related differ- 
ences did not reach the level of statistical significance 
(Wilcoxon signed rank test). The CAP thresholds of 
group N were not changed significantly after nimodi- 
pine administration (Wilcoxon signed rank test). The 
means and standard deviations of the threshold ele- 
vation to each tone burst stimulus were as follows (n 
= 8): 2 KHz, 0.63 + 3.20 dB; 4 kHz, 2.50 + 4.63 dB; 
8 kHz, 1.88 + 4.58 dB; and 16 kHz, 0.63 + 4.96 dB. 
The CAP thresholds of group SN were elevated by 5 
to 25 dB after simultaneous application of both sali- 
cylate and nimodipine. The means and standard de- 
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intensity 
Fig 2. Relationships between stimulus intensity and CAP 
amplitude. Means + 1 SE (vertical bar) are indicated. Six 
different stimulus intensities were used for this analysis. 
For control group, n = 22; group S, n = 7; group N, n = 8; 
and group SN, n — 7. Asterisks indicate significant change 
(p < .05) following drug administration. 


viations of the threshold elevation to each tone burst 
stimulus were as follows (n = 8): 2 kHz, 8.57 + 2.44 
dB; 4 kHz, 10.71 + 1.89 dB; 8 KHz, 10.71 € 3.45 dB: 
and 16 kHz, 15.7 € 4.50 dB. These changes in group 
SN were all statistically significant (Wilcoxon signed 
rank test). The difference between the threshold ele- 
vations in groups S and SN was not statistically sig- 
nificant at any of the frequencies measured (Mann- 
Whitney U test). In contrast, the difference between 
the threshold elevations in groups N and SN was sta- 
tistically significant at all frequencies (Mann-Whit- 
ney U test). 


Relationship Between Stimulus Intensity and CAP 
Waveform. Figure 2 depicts the relationship between 
the stimulus intensity and the CAP amplitude before 
and after drug administration. The CAP amplitude 
decreased after salicylate administration in all ani- 
mals. The differences in the amplitudes measured be- 
fore and after salicylate administration at 6 intensities 
were all statistically significant (Wilcoxon signed 
rank test). The mean CAP amplitudes decreased after 
administration of nimodipine, but the differences at 
the 6 intensities did not reach the level of statistical 
significance (Wilcoxon signed rank test). In contrast, 
group SN exhibited a statistically significant ampli- 
tude decrease at all 6 intensities (Wilcoxon signed 
rank test). 


Changes in CBF. The CBF had decreased by ap- 
proximately 13%, while the BP had increased by ap- 
proximately 14% at 30 minutes after administration 
of salicylate. These trends continued until 60 minutes 
after administration, as shown in Fig 3A. Both the 
BP and the CBF had returned to the control level 90 
minutes after drug administration. Consequently, the 
CBF/BP ratio had decreased by about 24% at 30 and 
60 minutes, before returning to close to the control 
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level. Statistical analysis revealed a significant change 
in all measured parameters at 30 and 60 minutes (ex- 
cept for BP at 60 minutes) as compared with pread- 
ministration levels, while no significant differences 
were observed at 90 minutes (Wilcoxon signed rank 
test). 


The CBF had increased by approximately 30%, 
while the BP had decreased by approximately 1090 
to 15% at 30, 60, and 90 minutes after administration 
of nimodipine, as shown in Fig 3B. Consequently, 
the CBF/BP ratio maintained a value that was approx- 
imately 40% to 60% larger than the preadministration 
value. Statistical analysis revealed significant changes 
in all measured parameters at all indicated times as 
compared with preadministration levels (Wilcoxon 
signed rank test). 


There were no marked changes in the CBF after 
simultaneous administration of both salicylate and 
nimodipine, as shown in Fig 3C. The BP decreased 
by approximately 15% and the CBF/BP ratio in- 
creased by approximately 15% as compared to the 
preadministration level. Statistical tests revealed a 


Fig 3. Changes in blood pressure (BP), cochlear blood 
flow (CBF), and CBF/BP ratio (R) are plotted as function 
of time after administration of each drug as mean + 1 
SE (vertical bar). Changes in A) group S (n = 7); B) 
group N (n = 7); and C) group SN (n = 6) are shown. 
Each parameter is expressed relative to its value prior 
to administration of drug. Asterisks indicate significant 
difference as compared with level prior to administration 
of drugs (p « .05). 
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significant change in BP only at 30, 60, and 90 min- 
utes after simultaneous administration of both sali- 
cylate and nimodipine (Wilcoxon signed rank test). 


DISCUSSION 


Threshold elevations of CAP of 5 to 20 dB were 
observed in all animals after salicylate application. 
This is consistent with our previous study on the cor- 
tex." The CAP waveform was reduced in amplitude 
at both high and low stimulus intensities. The CBF 
was decreased after administration of salicylate. The 
fact that the changes in CAP and CBF were similar 
after administration of salicylate suggests that the 
mechanisms underlying the changes in both CAP and 
CBE are the same. The regulation of the diameter of 
the spiral modiolar artery may play a major role in 
the regulation of CBF and hence in tissue oxygena- 
tion, since the spiral modiolar artery provides the 
main blood supply to the cochlea. The spiral modiolar 
artery contains voltage-dependent, nifedipine-sensi- 
tive Ca2+ channels that are involved in the mainte- 
nance of basal vascular tone, as well as in the media- 
tion of potassium ion— and norepinephrine—induced 
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contraction.1? The changes in Ca?* channel conduc- 
tances may alter the basal vascular tone and lead to 
changes in CBF. Considering these and other poten- 
tial mechanisms underlying electrophysiological 
changes and decreases in CBE,9.101119 we believe 
that the Ca^* channels may well be responsible for 
the effects observed in the present study. 


The CAP thresholds did not deteriorate after ad- 
ministration of nimodipine. The CAP input-output 
function was almost the same after the administration 
of nimodipine as before. This finding is consistent 
with our preliminary study on the ABR. A significant 
increase in CBF was observed after administration 
of nimodipine. The animals in group SN exhibited 
no significant changes in CBF after administration 
of the drugs, but significant decreases in CBF were 
Observed in group S. This finding suggests that nimo- 
dipine prevents the decrease of CBF induced by sali- 
cylate. Coleman et al?? reported that nimodipine is a 
very promising agent for inducing increases in CBF 
— a finding that supports its potential usefulness in 
the treatment of otologic disease. The effect of ni- 
modipine on salicylate ototoxicity was limited to 
changes in CBF, since administration of nimodipine 
did not prevent the CAP deterioration induced by sali- 
cylate. There are 2 potential reasons for this differ- 


ence. One relates to the dosage of nimodipine. We 
observed ABR threshold elevation in our preliminary 
experiment when we administered 4 mg/kg of nimo- 
dipine, so we consider that 2 mg/kg is the highest 
dose that does not induce nimodipine ototoxicity. In 
addition, this dosage of nimodipine is the same as 
that used in other reports.1^15.!7 The above discrep- 
ancy between the effects of nimodipine is therefore 
unlikely to be the result of the dosage. The other pos- 
sibility is that the effect of salicylate on CAP deteri- 
oration might not be induced through a decrease in 
CBF. Moreover, changes in Ca?* channels are un- 
likely to be the cause of the deterioration in hearing 
induced by salicylate. In previous reports, the protec- 
tive effect of nimodipine against salicylate ototoxicity 
was limited to tinnitus.!®H Kay and Davies!’ re- 
ported that nimodipine was ineffective against the 
deterioration of hearing caused by salicylate. These 
reports are consistent with our present results. It is 
possible that the effect of salicylate on CBF and tin- 
nitus arises through changes in Ca?* channels and is 
prevented by the administration of a Ca?* channel 
antagonist, and that the effect on hearing is not pro- 
voked through changes in Ca?* channel conductance. 
We speculate that the mechanisms underlying tinnitus 
and hearing impairment from salicylate administra- 
tion are not exactly the same. 
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GLUCOCORTICOID-INDUCED DIFFERENTIAL EXPRESSION OF THE 
SIALYLATED AND NONSIALYLATED LEWIS? EPITOPES AND 
RESPECTIVE BINDING SITES IN HUMAN NASAL POLYPS 
MAINTAINED UNDER EX VIVO TISSUE CULTURE CONDITIONS 
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NIKOLAY E. NIFANT'EV, PHD NICOLAI V. BOVIN, PHD GUY VANDENHOVEN, MD 
Moscow, RUSSIA Moscow, RUSSIA BRUSSELS, BELGIUM 
HANS-JOACHIM GABIUS, PHD ROBERT KISS, PHD SERGIO HASSID, MD 


MUNICH, GERMANY BRUSSELS, BELGIUM BRUSSELS, BELGIUM 

We characterized the anti-inflammatory effects of budesonide on the expression of adhesion molecules involving Lewis? (Le?) 
epitope, its sialylated derivative (sLe*), and their respective binding sites in human nasal polyposis. By computer-assisted micros- 
copy, we quantitatively characterized the level of histochemical expression of L- and P-selectins, sialylated and nonsialylated Le? 
epitopes, and their respective binding sites in both surface epithelium and glandular epithelium of human nasal polyps obtained from 
surgical resection, maintained under ex vivo tissue culture conditions for 24 hours, and treated or not with budesonide. Intercellular 
adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1) were chosen as methodological controls, because 
data already published in the literature clearly indicated budesonide-mediated effects on ICAM-1 and VCAM- 1 levels of expression. 
The present data show that budesonide significantly modified the levels of expression of ICAM-1 and VCAM- 1, and to a lesser 
extent that of P-selectin, in the surface and glandular epithelia. Budesonide markedly decreased the levels of expression of the 
binding sites for both Le? and sLe?, while those of Le? and sLe? remained globally unchanged. In conclusion, the present study 
documents that glucocorticoid-induced effects can encompass receptors for Le? epitopes different from E- and P-selectins on epithe- 
lial cells of human nasal polyps. 


KEY WORDS — budesonide, glucocorticoid, inflammation, Lewis antigen, nasal polyp, neoglycoconjugate, selectin. 


INTRODUCTION 


Nasal polyps constitute a common manifestation 
of diseases affecting the respiratory mucosa.! Such 
a disorder is known to occur in association with other 
forms of rhinitis, aspirin idiosyncracy, cystic fibro- 
sis, and Kartagener’s syndrome.’ Histologically, 
these polyps are characterized by chronic inflamma- 
tion in which eosinophilic infiltration predominates. 
Corticosteroids applied as systemic and topical treat- 
ments have demonstrated symptomatic efficacy.? 
They reduce rhinitis symptoms, improve nasal breath- 
ing, and reduce both the size and recurrence of nasal 
polyps.^ Glucocorticoids exert their anti-inflamma- 
tory effects by increasing the transcription of anti- 
inflammatory genes, including, for example, lipocor- 
tin-1 and the leukocyte inhibitory protein, and by de- 
creasing the transcription of inflammatory genes, in- 
cluding, for example, granulocyte-macrophage col- 
ony-stimulating factor, eotaxin, several cytokines, 


including interleukin (IL)-2, IL-3, IL-4, IL-5, IL- 
11, IL-13, and tumor necrosis factor a, which play 
notable roles in eosinophil pathobiology.>’ 


In addition to cytokines and chemokines, adhe- 
sion molecules are required to orchestrate the migra- 
tion and homing of inflammatory cells in inflamma- 
tory sites. The selectin family of adhesion molecules 
mediates the initial attachment of leukocytes to venu- 
lar endothelial cells (a process referred to as rolling) 
before their firm adhesion (mediated by integrins and 
their ligands, ie, intercellular adhesion molecules 
[ICAMs] and vascular cell adhesion molecules 
[VCAMs]) and diapedesis (mediated by platelet-en- 
dothelial cell adhesion molecule 1) at tissue injury 
and inflammation sites.9? Evidently, glucocorticoids 
can also modulate the expression of various types of 
adhesion molecules. Data published in the literature 
mainly emphasize the glucocorticoid-mediated down- 
regulatory effects at cell adhesion molecule lev- 
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Fig 1. Structural characteristics of A) selectins and B) certain selectin ligands. Modular arrangement of 3 members of selectin 
family starts with extracellular N-terminal C-type lectin domain and epidermal growth factor—like sequence (A). Two L- 
selectin, 6 E-selectin, and 9 P-selectin consensus repeats homologous to complement-binding domain, transmembrane region, 
and cytoplasmic C-terminal domain complete modular arrangement of this subgroup of C-type lectins (A). B gives schematic 
illustration of natural selectin ligands carrying carbohydrate moieties outlined in Fig 2. These carbohydrate moieties are 
crucial for binding to selectin carbohydrate recognition domains (A), and are presented by various glycoproteins serving as 
selectin ligands (B). GlyCAM-1 or CD34, two heavily O-glycosylated mucin-like proteins, are in vitro ligands of L-selectin. 
Both are expressed constitutively on high endothelial venules of peripheral lymph nodes. Whereas GlyCAM-1 lacks trans- 
membrane domain and is most probably secretory protein, CD34 is type 1 transmembrane glycoprotein of 140 amino acids. 
Glycans of ESL-1 serve as ligand for E-selectin. In contrast to mucin-type ligands with abundant glycosylation, this glycopro- 
tein is hardly decorated by N-glycans. P-selectin glycoprotein ligand-1 (PSGL-1) is disulfide-bridge-linked dimeric type 1 
transmembrane protein of 402 amino acids isolated from human leukocytes. Symbols used to describe carbohydrate moieties 
(ie, Lewis antigens; see Fig 2) located at tips of selectin ligands are open dots for D-galactose, open squares for N-acetyl-D- 
galactosamine (GalNAc), hatched dots for N-acetyl-D-neuraminic acid (Sia), black squares for N-acetyl-D-glucosamine 
(GicNAc), and open triangles for L-fucose (Fuc). Single spindles on backbone of protein carrier represent O-linked glycans, 
and double- or triple-branched chains represent N-linked glycan antennae. Sizes of individual parts of scheme cannot be true 
to scale if structural details of crucial sites on glycan part, their density, and their arrangement on carrier and backbone itself 
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are to be illustrated in one Figure. (Adapted from Kaltner and Stierstorfer.?) 


els.!0-12 With relevance for the selectin system, E- 
and L-selectin down-regulation has been reported as 
a consequence of glucocorticoid treatment,1?-16 and 
— in a broader context — inflammation-dependent 
induction of glycoforms of a1-acid glycoprotein with 
sialylated Le*-determinants also points to regulation 
at the level of the carbohydrate part of this recogni- 
tion system.!” These data underscore the importance 
of analyzing this recognition system with respect to 
the inflammatory response in nasal polyps. 


There are 3 known selectins, ie, L-selectin (leuko- 
cyte adhesion molecule 1 [LECAM- 1 ]), E-selectin 
(endothelial-leukocyte adhesion molecule 1 [ELAM- 
1]), and P-selectin (GMP-140).5? These selectins 
share a modular display (Fig 1A?) that includes a C- 
type lectin domain.!? Their carbohydrate recognition 
domains (Fig 1A) bind specifically to fucosylated 
and sialylated/sulfated oligosaccharides presented on 
various glycoproteins (Fig 1B) and belonging to the 
Lewis family of antigens (Fig 21?). The sialyl Lew- 
is*/* (sLe*/*) oligosaccharides (Fig 2) are supposed 
to serve a ligand structure common to all 3 selectins, 
with sulfate substitutions and changes in the topol- 
ogy of presentation markedly affecting the target 
avidity.1620 As indicators to pinpoint regulation in 
this system, selectin-specific antibodies have already 


proven their value. Moreover, with antibodies spe- 
cific for Le determinants, a modulation in glycan pro- 
duction can readily be monitored. In addition, we 
introduce an innovative class of synthetic probes for 
assessing glycan modifications in this respect?! 


The aim of the present study was to investigate 
whether a glucocorticoid (here, budesonide) is able 
to significantly modify the levels of expression of se- 
lectins and selectin ligands in human nasal polyps, a 
model of eosinophil-mediated inflammation. For 
monitoring, organotypical cultures of human nasal 
polyps obtained from surgical resection were sub- 
ject to study. Using computer-assisted microsco- 
py.2223 we quantitatively characterized immunohisto- 
chemically the levels of P- and E-selectin expres- 
sion in human nasal polyp organotypical cultures ei- 
ther treated with budesonide or left untreated. We 
chose ICAM-1 and VCAM- 1 as internal controls of 
the method. As outlined above, in addition to the 2 
endothelial selectins, the levels of expression of Le? 
(Lewis?) and sLe? (sialyl-Lewis*) epitopes were im- 
munohistochemically analyzed with specific and 
commercially available antibodies. The capacity of 
cells to bind distinct sugar epitopes was — in addi- 
tion to immunohistochemical analysis of 2 selectins 
— determined by carrier-immobilized carbohydrate 
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Fig 2. Schematic illustration of biochemical pathways 
leading to sialylated (or sulfated) Lewis antigen motifs 
that constitute active part of ligands in case of selectins 
(see Fig 1). Each arrow indicates biochemical route for 
structural extension of respective determinant. Symbols 
used are Gal for D-galactose, Glc for D-glucose, NAc for 
N-acetyl, NeuAc for N-acetyl-D-neuraminic (sialic) acid, 
and Fuc for L-fucose. Lewis? and Lewis* antigens can be 
synthesized when 01,3-fucosyltransferase is present. In 
contrast, erythroid cells, which lack «1,3-fucosyltrans- 
ferase, express o.1,2-fucosyltransferase. Resultant H-type 
oligosaccharides (O blood type) are converted into À and 
B blood group antigens by addition of a1,3-linked N- 
acetylgalactosamine or galactose through erythroid cell- 
specific expression of 2 unique glycosyltransferases.!? 


structures as the ligand part on a histochemically in- . 


ert backbone?! This type of tool extends the scope 
of immunohistochemistry and might provide further 
insights into regulation within this system of molecu- 
lar recognition with relevance for inflammatory re- 
actions and their therapeutic control. 


MATERIALS AND METHODS 


Clinical Data and Histopathologic Characteris- 
tics. Medical records and samples of nasal polyps 
were obtained from 10 patients, with the polyposis 
diagnoses established according to the classification 
that we reported earlier.?^ The 10 nasal polyps in the 
present study involved massive polyposis and came 
from 5 allergic and 5 nonallergic patients. The aller- 
gic versus nonallergic status of the patients was de- 
termined on the basis of the skin prick test and the 
total and specific IgE expression.?? 


Ex Vivo Tissue Cultures of Human Nasal Polyps. 
The 10 nasal polyps were maintained under organo- 
typical culture conditions in a manner identical to 
the method that we have described for human brain,?6 
prostate,2’ and colon?? tissue. Briefly, after surgical 
removal, the nasal polyp specimens were rinsed twice 
in minimal essential medium (MEM; Gibco-Life 
Technologies, Merelbeke, Belgium) and immediately 
cut in half. One half was used for histopathologic 


diagnosis, and the other was immediately divided into 
pieces measuring approximately 2 to 3 mm?. In order 
to overcome the problem of biological heterogene- 
ity, each experimental condition included 10 to 15 
randomly selected tissue pieces for each nasal polyp. 
These pieces were cultured for 24 hours in 30 mm 
(diameter) x 10 mm (depth) Petri dishes (Nunc-Life 
Technologies, Merelbeke) containing 3 mL of cul- 
ture medium, ie, MEM supplemented with a mixture 
of 0.6 mg/mL glutamine (Gibco), 200 IU/mL peni- 
cillin (Gibco), 200 IU/mL streptomycin (Gibco), and 
0.1 mg/mL gentamicin (Gibco). The effects of 3 con- 
centrations (10, 50, and 250 ng/mL) of budesonide 
(Rhinocort, AstraZeneca, Brussels, Belgium) were 
studied. For this purpose, budesonide was dissolved 
in dimethyl sulfoxide, with a final dimethyl sulfox- 
ide concentration of less than 0.1%. An equal vol- 
ume of this solvent was added to the control cultures 
to control for solvent effects. After 24 hours of cul- 
ture, the samples were fixed in buffered formalin for 
5 days. After paraffin embedding, 5-um sections were 
prepared for quantitative histochemical analysis as 
detailed below. 


Immunochemistry and Glycohistochemistry. The 
histochemical procedures were carried out as detailed 
previously.?225 Briefly, for each treatment condition, 
10 to 15 tissue pieces were embedded in the same 
paraffin block, from which 5-um-thick sections were 
cut. These sections were subjected to processing with 
the various antibodies detailed below and with the 
biotinylated neoglycoconjugates carrying Lewis an- 
tigens. Incubation with the probe-containing solu- 
tions was carried out at 25°C + 1°C for 30 minutes 
at a concentration of 10 g/mL. The extent of the 
specifically bound markers was visualized by avi- 
din-biotin-peroxidase complex (ABC) kit reagents 
(Vector Labs, Burlingame, California), with diami- 
nobenzidine-hydrogen peroxide as the chromogenic 
substrate. 


The control reactions for each of the 6 antibodies 
under study included the omission of the incubation 
step in the case of the primary antibody, and also the 
preincubation of the antibody with the antigen. The 
sugar determinants and the specificity of each anti- 
body were checked by Western blotting (data not 
shown). The neoglycoconjugates were synthesized 
and biotinylated as described in detail elsewhere.2?.30 
The control reactions for the application of the bio- 
tinylated probes included competitive inhibitions to 
ascertain sugar specificity, and the omission of the 
incubation step with a labeled marker served to ex- 
clude any staining by the binding of kit reagents such 
as the mannose-rich glycoproteins horseradish per- 
oxidase and avidin. Counterstaining was carried out 


1100 Delbrouck et al, Lewis" Epitope Expression in Nasal Polyps 





at y de 


we 





Fig 3. Morphological illustrations (original x100) of immunohistochemically detected expression of A) E-selectin 
and B) P-selectin in 2 pieces of nasal polyp (from allergic patients) maintained for 24 hours under organotypical 
culture conditions in absence of budesonide (control). C,D) Immunohistochemical evidence of presence of inter- 
cellular adhesion molecule 1 (ICAM-1) in surface epithelium (original x400) of 2 pieces of nasal polyp (from 
allergic patients) maintained for 24 hours under C) control (without budesonide treatment) and D) 250 ng/mL 
budesonide-treated organotypical culture conditions. E,F) Results obtained under same experimental conditions 
as in C (without budesonide) and D (with budesonide), but presenting glycohistochemical evidence of presence 
of binding sites for Lewis antigen a (Le?) (original x400) in 2 pieces of nasal polyp from nonallergic patients. 


with hematoxylin (Fig 3). 


The origins and dilutions of each of the 6 com- 
mercial antibodies were as follows. 


l. Anti-Le*. The anti-Le? monoclonal antibody 
was obtained from a BALB/c mouse that had been 
immunized with mucin isolated from ovarian cyst 


fluid, and the splenocytes were fused with mouse 
myeloma SP2/0 cells (clone 7LE; Seikagaku Corp), 
dilution 1/100. 


2. Anti-sLe". The anti-sLe? monoclonal antibody 
was obtained from spleen cells of a BALB/c mouse 
immunized with human colon cancer cells (the CoLo- 
201 cell line). This antibody preferentially recognizes 
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the 23 sLe? antigen (Fig 2), but also reacts with 
other structurally related sialylated type I chain car- 
bohydrate antigens (Fig 2; code 2D3; Seikagaku 
Corp), dilution 1/100. 


3. Anti-E-selectin (CD62E). The anti-human E- 
selectin polyclonal antibody was produced in goats 
immunized with purified, CHO (Chinese hamster 
ovary)-cell-derived, recombinant human E-selectin. 
The BBA18 clone used here reacts with E-selectin 
only (code BBA18; R&D Systems Europe Ltd, 
Abingdon, England), dilution 1/500. 


4. Anti-P-selectin (CD62P). The anti-human P- 
selectin monoclonal antibody 1s derived from the AK4 
hybridoma. The immunogen was a human platelet 
glycoprotein membrane fraction (100 to 200 kd) im- 
munodepleted of glycoprotein IIb-ITa (CD41). This 
antibody recognizes the human P-selectin antigen ex- 
pressed by activated platelets and endothelial cells 
(code $5924; Sigma, St Louis, Missouri), dilution 1/ 
100. 


5. Anti-VCAM-I (CD106). The anti-human 
VCAM- 1 polyclonal antibody was produced in a goat 
immunized with purified, CHO-cell-derived, recom- 
binant VCAM-1 (code BBAI9; R&D Systems Eu- 
rope Ltd), dilution 1/200. 


6. Anti-ICAM-1 (CD54). The anti-human ICAM- 
1 monoclonal antibody was produced against ICAM- 
| immunogen originating from the Raji cell line (code 
1132; Sanbio, Uden, the Netherlands), dilution 1/200. 


Computer-Assisted Microscopy for Quantitative 
Histochemistry. In order to characterize the extent 
of staining dependent on each of the 8 histochemical 
markers, 2 quantitative variables were determined 
by means of a Samba 2005 computer-assisted mi- 
croscope system (Samba Technologies, Grenoble, 
France) with a 40x (aperture 0.50) magnification lens. 
The labeling index (LI) refers to the percentage of 
tissue area specifically stained by a given histochemi- 
cal marker. The mean optical density (MOD) denotes 
staining intensity computed on histochemically posi- 
tive areas only. Both the standardization procedures 
dealing with the manner in which we used the com- 
puter-assisted microscopy and the way in which we 
used the computer-assisted system to quantify the his- 
tochemical staining have been detailed elsewhere.22.2 
A negative histologic control slide (standardized pro- 
cessing without the incubation step involving the pri- 
mary antibody or the biotinylated neoglycoconjugate) 
was analyzed for each specimen under study. The 
software used on the computer-assisted microscope 
automatically subtracted the LI and MOD values of 
the negative control sample from each correspond- 
ing positive one. 


As detailed previously,” the measurements were 
directed separately to 3 distinct histologic structures 
of human nasal polyps, ie, the surface epithelium, 
the glandular epithelium, and the connective tissue. 
In the present study, we analyzed 2 of these 3 struc- 
tures only, ie, the 2 different epithelia. The first rea- 
son for omission of quantitative analysis in the con- 
nective tissues was to eliminate any bias in the quan- 
titative data. Indeed, although a relatively constant 
thickness could be obtained in the epithelia (ie, 5 + 1 
um), maintenance of this parameter could not reli- 
ably and consistently be ensured in connective tis- 
sue (data not shown). The second reason was the fo- 
cus of interest on epithelial cell—leukocyte rather than 
connective tissue-leukocyte interactions, as is de- 
tailed in the Discussion. Ten fields of 60,000 to 
120,000 um? each were scanned at each experimen- 
tal condition for each type of epithelium and for each 
nasal polyp. 


Statistical Analyses. Statistical comparisons of the 
data were carried out with Student's t-test (1-way 
variance analysis for 2 groups) after a check of the 
equality of variance by means of the Levene test, 
and the normal distribution fitting of the data by means 
of the xy? test of goodness of fit. When these para- 
metric conditions were not satisfied, the nonparamet- 
ric Mann-Whitney test was performed. All of the sta- 
tistical analyses were carried out with Statistica (Stat- 
soft, Tulsa, Oklahoma). 


RESULTS 


Use of Ex Vivo Tissue Cultures of Human Nasal 
Polyps. Human nasal polyps obtained from surgical 
resections and maintained for 24 hours under ex vivo 
tissue culture conditions generally maintain their his- 
tologic organization (Fig 3). Figure 3A,B illustrates 
the immunohistochemical staining of E-selectin (Fig 
3A) and P-selectin (Fig 3B) in 2 pieces of nasal polyp 
without exposure to budesonide (control conditions). 
These 2 exemplary illustrations clearly document that 
in the 2 epithelial compartments of human nasal pol- 
yps, E-selectin is expressed to a much greater de- 
gree than P-selectin. Figure 3C,D represents the im- 
munohistochemical evidence of the presence of 
ICAM-1 in the surface epithelium of a control nasal 
polyp (Fig 3C) and a 250 ng/mL budesonide—treated 
nasal polyp (Fig 3D). The ICAM- 1 staining intensity 
appears to be stronger in the control condition than 
in the budesonide-treated condition. Routinely, these 
histochemical staining patterns were quantitatively 
determined by means of computer-assisted micros- 
copy as detailed below. 


Figure 3E,F presents the glycohistochemical evi- 
dence of the presence of binding sites for Le? in the 
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Fig 4. Quantitative evaluation (by means of computer-assisted microscopy) of percentage of immunohistochemically positive 
tissue area in surface (white bars) and glandular (hatched bars) nasal polyp epithelia (determined by means of labeling index) 
and staining intensity (determined by means of mean optical density variable) for expression of E-selectin and P-selectin, 
respectively, in nasal polyp samples treated with concentration of 250 ng/mL (R250, R250*) of budesonide (Rhinocort) or left 
untreated (CT, CT*). This evaluation was carried out separately for polyps from nonallergic (CT and R250) and allergic (CT* 
and R250*) patients. Data are illustrated as means (large white or hatched bars) + SE (thin black bars). 


surface epithelium of a control polyp (Fig 3E) and a 
250-ng/mL budesonide-treated (Fig 3F) polyp. The 
histochemical staining for these binding sites ap- 
peared to be less intense in the budesonide-treated 
condition than in the control one. The Le?-binding 
sites were localized at the apical part of the surface 
epithelium. 


All of the budesonide-related data in Figs 4-7 were 
obtained with the 250-ng/mL budesonide (Rhinocort) 
concentration. The data for the 2 other tested concen- 
trations (ie, 10 and 50 ng/mL) are, for the sake of 
clarity, not reported, because they were associated 
with lower levels of statistical significance than the 
250-ng/mL concentration. 


Budesonide-Mediated Effects on Immunohisto- 
chemical Expression of E- and P-Selectins, ICAM- 
1, and VCAM-1I. Concerning immunohistochemical 
staining intensity, budesonide induced weaker effects 
on the levels of P- and E-selectins than on the levels 
of ICAM-1 and VCAM-1 (Figs 4 and 5). In fact, 
budesonide slightly decreased the E-selectin concen- 
tration (revealed by the MOD variable) in the sur- 
face epithelium (the white bars) of the nasal polyps 


from the allergic patients (conditions labeled CT* 
and R250*), and markedly increased the P-selectin 
concentration in the glandular epithelium (the hatched 
bars) of the nasal polyps from the nonallergic pa- 
tients (conditions labeled CT and R250). Budesonide 
did not significantly (p > .05) modify the percent- 
ages (revealed by the LI variable) of reactive epithe- 
lial cells in either the surface or the glandular epithe- 
lium from either the allergic or the nonallergic pa- 
tients. The basal (control; CT) levels (quantified by 
means of the LI and the MOD variables) of E-selectin 
were markedly higher (p < .001 to p < .000001) than 


` those of the P-selectin, irrespective of the group con- 


sidered (Fig 4). 


Budesonide significantly decreased the percent- 
age of cells immunopositive for ICAM-] in the glan- 
dular epithelium from the nonallergic patients and 
in the surface epithelium from the allergic patients; 
it also significantly decreased the ICAM-1 concen- 
tration in the surface epithelium from the allergic pa- 
tients (Fig 5). At the level of VCAM-1 expression, 
budesonide induced effects identical to those ob- 
served for ICAM-1 (Fig 5). In addition, it also sig- 
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Fig 5. Similarly to Fig 4, this Figure shows quantitative evaluation of expression of ICAM-1 and vascular cell adhesion 
molecule 1 (VCAM- 1) in nasal polyp samples treated with concentration of 250 ng/mL of budesonide (Rhinocort) or left 


untreated. See Fig 4 for further details. 


nificantly decreased the percentage of cells immuno- 
positive for VCAM-1 in the surface epithelium of 
nasal polyps from the nonallergic patients (Fig 5). 


Budesonide-Mediated Effects on Immunohisto- 
chemical Expression of Le? and sLe?^ Epitopes and 
Binding Sites Measured Glycohistochemically. Treat- 
ment with budesonide did not significantly (p » .05) 
alter either the percentage of cells immunopositive 
for Le? or their concentration in the nasal polyp epi- 
thelia (Fig 6). In contrast, budesonide exposure led 
to a significantly decreased Le? binding site concen- 
tration in both epithelial compartments of the nasal 
polyps from the nonallergic patients and in the sur- 
face epithelium of the nasal polyps from the allergic 
patients (Fig 6). Very similar features were observed 
with respect to the binding sites for sLe?, as deter- 
mined with the labeled neoglycoconjugate (Fig 7). 
Concerning the sialylated Le? derivative, budesonide 
induced a moderate increase in the percentage of cells 
immunopositive for sLe? in the surface epithelium 
of the nasal polyps from the allergic patients (Fig 7). 


DISCUSSION 


The aim of the present study was the histochemi- 
cal characterization of effects mediated by budeso- 
nide, a glucocorticoid used in clinics, on the levels 


of expression of different groups of adhesion mole- 
cules in human nasal polyposis, with special empha- 
sis on E- and P-selectins, as well as Le? epitopes and 
sialylated derivatives. Human nasal polyps were se- 
lected as the study subject because polyps might, in 
fact, represent a de novo inflammatory growth ei- 
ther on the lateral wall of the nose or from the ante- 
rior ethmoidal cells.?! The predominant inflamma- 
tory cells in nasal polyps are eosinophils, to which 
attention has been turned for analysis of relevant im- 
munologic and inflammatory processes.3!32 As stated 
by Davenpeck et al, eosinophils and neutrophils 
share the functionality of certain adhesion molecules 
(ie, P-selectin, E-selectin, and ICAM- 1) during the 
recruitment process, although differences have been 
described between eosinophil and neutrophil interac- 
tions with these molecules.??.54 


Concerning cell adhesion molecules, the anti-in- 
flammatory effects of glucocorticoids, including bu- 
desonide,?? are already well exemplified by ICAM 
and VCAM levels.19-15.56 Besides these cell adhesion 
molecules, glucocorticoids also have an influence on 
selectin expression with supposed relevance for the 
anti-inflammatory response. 10-15.36-58, Collectively, 
the currently available data show a glucocorticoid- 
induced down-regulation in expression of ICAM, 
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Fig 6. Similarly to Fig 4, this Figure shows quantitative evaluation of expression of Le? and its binding sites in nasal polyp 
' samples treated with concentration of 250 ng/mL. of budesonide (Rhinocort) or left untreated. Expression of Le? antigens was 
monitored immunohistochemically by specific antibody, and its binding sites were detected by Le*-carrying neoglycoconjugate. 


See Fig 4 for further details. 


VCAM, and E-selectin. In contrast, there have been 
until now no data in the literature on the effects of 
glucocorticoids on selectin ligand expression, eg, gly- 
coproteins presenting sialylated derivatives of Le4/* 
epitopes. The data that we obtained in this specific 
research area with respect to Le? epitopes are de- 
tailed and discussed below. 


As a validation of the methods used here, ie, 1) 
the maintenance for 24 hours under ex vivo organo- 
typical cultures of human nasal polyps obtained from 
surgery and 2) the quantitative determination by 
means of computer-assisted microscopy of the his- 
tochemical expression of various adhesion molecules 
in both the absence and the presence of budesonide, 
we characterized the budesonide-mediated effects on 
the expression of ICAM-1, VCAM- 1, P-selectin, and 
E-selectin. The data obtained during this validation 
corroborate those published in the literature. Nota- 
bly; our data substantiate a budesonide-induced 
down-regulation of expression of both ICAM-1 and 
VCAM- 1 in both surface and glandular epithelia (Fig 
5). Noticeable differences were observed between na- 
sal polyps from allergic and nonallergic patients (Fig 

5). A significant budesonide-induced down-regula- 
. tion of E-selectin expression was observed in the sur- 


face epithelium of the nasal polyps from allergic pa- 
tients (Fig 4). All of these data suggest that part of 
the anti-inflammatory effect induced by budesonide 
occurs through a significant decrease of the levels of 
expression of adhesion molecules whose biological 
role is to help nasal polyp colonization by inflamma- 
tory cells. 


We paid particular attention to the epithelial com- 
partments in these nasal polyps, because selectin ex- 
pression can appear de novo in normal epithelial cells 
or can be up-regulated in various epithelial cell popu- 
lations undergoing inflammatory processes. This is 
the case, for example, for E-selectin expression in 
epithelial cells of the gingival crevice, the oral epi- 
thelium;??40 and the colonic epithelium.^! 4? The E- 
selectin expression in these different types of epithe- 
lial cells may well be involved in leukocyte traffick- 
ing to these epithelial tissue compartments, and this 
could also be the case for the surface and glandular 
epithelia in nasal polyps. 


Sialyl Le? epitopes (Fig 2) form the basis of the 
recognition unit common to all 3 selectins.1?.2045 
Studies with mice carrying gene disruptions for se- 
lectins and with ligands selective for certain selectins 
(Fig 1B) point to disparate roles for P-selectin and 


Delbrouck et al, Lewis? Epitope Expression in Nasal Polyps 1105 


SIALYL LEWIS A BS 


GLANDULAR EPITHELIUM 


SIALYL LEWIS A 








SURFACE EPITHELIUM | GLANDULAR EPITHELIUM 
120 
100 
80 | 
i | 
“| | 
20 
0 : 
CT R250 CT* R250* 
100 
80 
60 
40 
20 
2 CT R250 CT* R250* CT i R250 CT* R250* 





SURFACE EPITHELIUM 


.0002 


p- 





CT  R250 CT* R250* 
9 
e 
ve 
It 
x 
CT R250 CT* R250* CT R256 CT* R250* 


Fig 7. Similarly to Fig 6, this Figure shows quantitative evaluation of expression of sialyl-Le? (sLe?) (monitored by specific 
antibody) and its binding sites (detected by sLe?-carrying neoglycoconjugate) in nasal polyp samples treated with concentra- 
tion of 250 ng/mL of budesonide (Rhinocort) or left untreated. See Fig 4 for further details. 


E-selectin during in vivo eosinophil and neutrophil 
recruitment during inflammatory responses.^34^ The 
data in Fig 4 show that E-selectin rather strongly con- 
trasted with P-selectin in both the surface and the 
glandular epithelia of nasal polyps, whatever the sta- 
tus of the patients (ie, allergic or nonallergic). Our 
data indicate that budesonide did not dramatically 
modify the levels of expression of E- and P-selectins 
(Fig 4), in comparison to what occurred with respect 
to Le? and sLe? binding sites (Figs 6 and 7). 


To develop efficient therapies interfering with leu- 
kocyte homing to inflamed areas, it will be helpful 
to delineate how the selective recruitment of leuko- 
cyte subtypes during inflammation is orchestrated, 
as recently reviewed for ischemia/reperfusion states.*° 
An sLe* glycomimetic TBC1269 has been shown to 
preferentially inhibit neutrophil adhesion to immo- 
bilized P-selectin. With respect to adhesion, eosino- 
phils can adhere more avidly to P-selectin than neu- 
trophils do.4346 This enhanced adhesion of eosino- 
phils to P-selectin is thought to be the result of pro- 
nounced surface expression of PSGL-1 (a carrier of 
distinct target sites for P-selectin and the principal 
leukocyte counterligand for P-selectin) on eosino- 
phils.^/ In fact, PSGL-1 has been shown to be the 
essential ligand for mediating leukocyte rolling on 


P-selectin.*® Of prime importance for the interaction 
is the degree to which PSGL-1 harbors adequate gly- 
cans for selective binding among the glycoforms. As 
a tool to probe binding capacity for glycan moieties, 
we have in this study added neoglycoconjugates to 
commercial antibodies. 


The data obtained for the budesonide-mediated 
regulation of both Le? epitopes and their binding sites 
(Figs 6 and 7) indicate that budesonide markedly 
reduced the expression of binding sites for Le? and 
sLe? epitopes — a feature that suggests once more a 
budesonide-mediated anti-inflammatory action me- 
diated through a decrease in the capacity of inflam- 
matory cells to colonize epithelial tissues in nasal 


polyps. 


The way in which structural alterations in related 
oligosaccharides translate into distinct clinical cor- 
relations is also underscored by the role of ABO blood 
group epitopes and prognostic significance in lung 
cancer. As demonstrated herein for the Lewis sys- 
tem, the monitoring of specific binding sites for those 
saccharide epitopes by neoglycoconjugates with a 
chemically synthesized carbohydrate part has added 
a new perspective to the way to interpret the occur- 
rence of the glycan- determinants, ie, as parts of a 
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recognition system with signaling potency and medi- 
cal implications.^?50 In fact, presentation of binding 


sites for A and H (but not B) epitopes by lung carci- - 


noma cells was significantly correlated with progno- 
sis.?! The inherent specificity of the binding process 
thus allows us to distinguish between a trisaccharide 
with a galactose residue carrying an N-acetyl group 
(A; GalNAc) and one without this modification (B; 
Gal). In further considering the role of generation of 
a lectin (galectin-1) ligand or lectin presence in 2 
cell models — ie, the sialidase-dependent GM1 pro- 
duction on the neuroblastoma cell surface and galec- 
tin-1 presence in glioblastoma cells in culture52-54 
— the connection to the ensuing growth control or 
stimulation of cell migration by this protein-carbo- 
hydrate interaction emphasizes the potential of the 
combined approach presented herein beyond the 
listed experimental systems. 


The consideration of polyps from allergic or non- 
allergic patients as 2 distinct clinical entities remains 


controversial.!.2.24 These data indicate that polyps 
from allergic patients might be biologically differ- 
ent from those of nonallergic patients. Indeed, com- 
parison of the control culture conditions indicates : 
that the levels of expression of the various adhesion 
molecules and their ligands were significantly differ- 
ent. 


In conclusion, it is well established that glucocor- 
ticoids, including budesonide, exert their anti-inflam- 
matory effects by regulation of gene expression of 
effectors and inhibitors of the inflammatory pathway, 
with various types of cell adhesion molecules serv- 
ing as current topics of research. The present study 
documents that such glucocorticoid-induced effects 
can encompass receptors for Le? epitopes different 
from E- and P-selectins on epithelial cells of human 
nasal polyps. We are pursuing new experiments in 
order to investigate budesonide-mediated effects ón 
the levels of expression of Le*/sLe* epitopes and their 
binding sites. 
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HEARING LOSS IN USHER SYNDROME TYPE II IS NONPROGRESSIVE 
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Usher syndrome is an autosomal recessive disorder characterized by sensorineural hearing loss and progressive visual loss 
secondary to retinitis pigmentosa. In the literature, a possible progression of the moderate to severe hearing loss in Usher syndrome 
type II (Usher II) is controversial. We studied the development of the hearing loss of 125 patients with a clinical diagnosis of Usher 
syndrome type II intraindividually and interindividually by repeatedly performing complete audiological and neuro-otologic exami- 
nations. Our data show a very characteristic slope of the hearing curve in all Usher II patients and no clinically relevant progression 
of the hearing loss over up to 17 years. The subjective impression of a deterioration of the communicative abilities of Usher II 
patients must therefore be attributed to the progressive visual loss. The patients should be reassured that changes in their hearing 
abilities are unlikely and should be provided with optimally fitted modern hearing aids. 


KEY WORDS — hearing loss, Usher syndrome type II. 
INTRODUCTION 


Usher syndrome is an inherited disorder that clini- 
cally presents with different degrees of sensorineu- 
ral hearing loss and progressive visual loss caused 
by retinitis pigmentosa. The pattern of inheritance is 
autosomal recessive. There are 3 types of Usher syn- 
drome distinguished clinically, and different sub- 
types. Patients with type I Usher syndrome (Usher 
I) are born with profound sensorineural hearing loss; 
the vestibular organs can either be normal (cochlear 
form of Usher I, called cUSH1) or defective (vestib- 
ulocochlear form of Usher I, called vcUSH1).! Mod- 
erate to severe sensorineura] hearing loss and regu- 
larly functioning vestibular organs characterize Usher 
syndrome type II (Usher II). Usher syndrome type 
IH (Usher III) was originally reported in Finland and 
presents with progressive hearing loss. The retinitis 
pigmentosa is believed to be comparable in all types. 
The prevalence of Usher syndrome was estimated as 
between 3.3 and 4.4 per 100,000 persons. More re- 
cent estimates support the impression of an even 
higher prevalence of up to 8 per 100,000 persons. 


The visual impairment due to retinitis pigmentosa 
increases from a mildly disabling loss of the visual 
field at the onset of clinical symptoms to only re- 
sidual vision in the center of the retina in fully de- 
veloped retinitis pigmentosa. Progression of hearing 
loss in Usher type I cannot be expected, as Usher I 
patients have no functional hearing available. 


Progression of the hearing loss in Usher II is con- 


troversially discussed in the recent literature. Kim- 
berling and Móller? described no audiologically mea- 
surable deterioration of the hearing abilities over de- 
cades. Van Aarem et al? saw a great variability in the 
hearing acuity as measured by pure tone audiograms 
of Usher II patients, but found two major patterns of 
hearing curves: one stationary and one rapidly pro- 
gressive as defined by an annual threshold change 
of more than 1 dB. Usher III was genetically excluded 
from this study; all patients belonged to the genetic 
Usher Ifa subtype as defined by linkage. Wagenaar 
et al,^ of the same Dutch group, saw an age-related 
hearing loss that was not explainable by presbycusis 
alone. The authors described an average annual 
threshold increase of 0.7 dB, which was similar at 
all frequencies studied. In Usher III, progression of 
the hearing loss has been described as a typical clini- 
cal feature. In addition, some typical ophthalmologic 
findings have been significantly related to Usher III.» 
Usher III was originally believed to be geographi- 
cally restricted to Finland and to Finnish immigrants 
in the southern United States, probably because of a 
founder effect. However, it has now been found in 
several persons of varied European ancestry? (also 
Kimberling, unpublished observations). 


In the present study, we examined the hearing 
curves of 125 patients with clinically diagnosed Ush- 
er II of the Heidelberg Usher collective to evaluate 
the development of the hearing loss in relation to the 
age of the patients and in individual patients over a 
longer time period of up to 17 years. 


From the Department of Otolaryngology—Head and Neck Surgery, University of Heidelberg, Heidelberg, Germany (Reisser, Otterstedde), and 
the Center for Hereditary Communication Disorders, Boys Town National Research Hospital (Kimberling), and the Department of Pathology, 


Creighton University (Kimberling), Omaha, Nebraska. 
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Fig 1. Mean and median of hearing loss in Usher II pa- 
tients (n 2 125). 


METHODS 


Otoneurologic and ophthalmologic studies were 
conducted on 125 Usher II patients of 115 families of 
the Heidelberg Usher collective ranging between 14 
and 72 years of age. The clinical course of the hear- 
ing loss, as well as the ophthalmologic status and the 
course of the retinitis pigmentosa, defined Usher type 
II patients. Usher III was excluded clinically, as the 
hearing loss was stable in all examined patients and 
the ophthalmologic examination revealed no sign of 
Usher type III such as clinically significant hyperme- 
tropia or astigmatism.? All patients were given oph- 
thalmologic examinations in the Department of Oph- 
thalmology of the University of Heidelberg. All pa- 
tients presented with different degrees of retinitis pig- 
mentosa. The otoneurologic examinations were per- 
formed in the Department of Otolaryngology-Head 
and Neck Surgery of the University of Heidelberg. 
Standard history-taking and general otolaryngologi- 
cal examination were performed. All patients were giv- 
en audiological and neuro-otological examinations in- 
cluding pure tone audiometry, tympanometry, stape- 
dius reflex audiometry, measurement of transitory 
evoked otoacoustic emissions, videonystagmography 
(including caloric stimulation with hot [44°C] and cold 
[30°C] water), and posturography. In addition, brain 
stem evoked audiometry was performed in 71 patients 
to rule out a retrocochlear cause of hearing loss. 


The examinations were repeatedly performed be- 
tween 1990 and 1999. In 56 cases, earlier test results 
were obtained from other institutions dating back as 
far as 17 years. The results were set in relation to the 
age of the individual patients. To differentiate among 
low, middle, and high frequencies, 3 intervals were 
defined: respectively, 0.5 to 1 KHz, 2 to 4 KHz, and 6 
to 8 kHz. 
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Fig 2. Mean of hearing loss in Usher II patients * 1 SD 
i125). 


RESULTS 


Pure tone audiometry revealed in all 125 patients 
a moderate to severe sensorineural hearing loss that 
had been present since birth. The mean age (+SD) of 
the Usher II patients was 39.7 + 14.6 years (range, 
14 to 72 years). 


None of the patients complained of any form of 
tinnitus. The hearing curves varied considerably and 
showed in all patients a typical slope toward the high 
frequencies (Figs 1 and 2). Tympanometry revealed 
normal results in accordance with the clinically nor- 
mal eardrum and middle ear anatomy. Stapedius re- 
flex audiometry and transitory evoked otoacoustic 
emissions, as well as brain stem evoked audiometry, 
ruled out a retrocochlear cause of hearing loss in ac- 
cordance with the cochlear defect in Usher syn- 
drome.’ Videonystagmography and posturography 
showed normal function of the peripheral vestibular 
organs in all Usher II patients. 


Audiograms were repeatedly obtained and re- 
viewed, and there was no intraindividual decrease in 
hearing function, although some individuals reported 
that their subjective feeling of hearing ability had 
decreased. This was also the case in those audiograms 
that were obtained within an interval of up to 17 
years, providing a longitudinal comparison of the 
hearing curves. 


A linear regression analysis of hearing against age 
was performed for each of the 3 pooled frequency 
data sets: low, middle, and high. No significant cor- 
relation between age and degree of hearing loss was 
observed. Specifically, the analysis of hearing loss 
versus age for the low frequencies resulted in a slope 
of 0.125 with a coefficient of correlation of 0.09 (Fig 
3). For the middle frequencies, the regression coef- 
ficient was 0.22 and the coefficient of correlation was 
0.18 (Fig 4). The high-frequency regression coeffi- 
cient was 0.13, and the coefficient of correlation was 
0.095 (Fig 5). 
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Fig 3. Correlation between age and hearing loss in low- 
frequency range of 0.5 to | kHz. 


DISCUSSION 


Usher syndrome type II is widely accepted as a 
clinically and genetically heterogeneous autosomal 
recessive disorder that combines various degrees of 
sensorineural hearing loss with progressive retinitis 
pigmentosa. There is a sloping hearing curve with a 
mild hearing loss in the low frequencies, increasing 
to a severe to profound hearing loss in the high fre- 
quencies. Usher II patients usually benefit from hear- 
ing aids. 


It is still arguable whether the hearing loss in Usher 
type II is progressive or not. This would be an im- 
portant way to distinguish Usher III from Usher II, 
as Usher III is characterized by progressive hearing 
loss. The ophthalmologic distinction between Usher 
II and Usher III can be performed clinically, as in 
Usher III the course of the visual handicap (clini- 
cally significant hypermetropia) and the typical re- 
fractive errors (astigmatism) are pathognomonic for 
Usher III.? 


Most Usher II patients are aware that their vision 
loss is progressive and that ultimately their visual 
capabilities will be severely compromised. Their hear- 
ing ability therefore becomes even more precious to 
them, and they become understandably concerned 
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Fig 4. Correlation between age and hearing loss in mid- 
dle-frequency range of 2 to 4 kHz. 
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Fig 5. Correlation between age and hearing loss in high- 
frequency range of 6 to 8 kHz. 


about any added decrease in their hearing capabili- 
ties. To answer questions on this topic from their pa- 
tients, consulted physicians have to be aware of po- 
tential changes in the hearing abilities of Usher II 
patients. 


Many Usher II patients have the clinical impres- 
sion that their hearing has been deteriorating over 
the years. While there may be deterioration in a few 
cases, it seems likely that this impression is due to 
the decrease in visual ability that reduces the patients’ 
ability to supplement auditory information with vi- 
sual cues. It is important to reassure such patients so 
that they should not have the mistaken impression 
that they are destined to become both deaf and blind. 


Our data show that if there is any progression to 
the hearing loss in Usher type II, such progression is 
slow — probably much less than 1 dB per year. In 
consequence, the physician should be aware that any 
change in the hearing status of the typical Usher II 
patient may signal some other disorder that may be 
treatable. 


It has therefore been the goal of our study to de- 
termine the hearing abilities of the Usher II patients 
of the Heidelberg Usher syndrome group in compari- 
son within the group and within each patient when 
former audiograms were available. The hearing 
curves of 125 patients with clinically diagnosed Ush- 
er II syndrome were evaluated in relation to the pa- 
tient's age. In 56 of the Usher II patients, former au- 
diograms were available and could be analyzed for 
intraindividual changes of the hearing curves. 


[n our patient group, there was a great variability 
of hearing loss documented in the hearing curves. 
Nevertheless, the hearing loss followed the same pat- 
tern in all audiograms. We confirm the findings of 
Kimberling and Möller? that a sloping hearing curve 
is very characteristic of Usher II. We stress that the 
diagnosis of Usher II should be reconsidered if the 
hearing curve differs from the typical pattern with- 
out an obvious reason.? 
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The most interesting result of our study was that 
we found no sign of progression of hearing loss in the 
125 patients with Usher II. This was seen both in pa- 
tients for whom several audiograms were obtained 
within the study time (1990 to 1999) and in 56 pa- 
tients for whom former audiograms from up to 17 
years before were available from other institutions. 
This lack of progression stands in contradiction to the 
findings of van Aarem et al? and Wagenaar et al.4 That 
Dutch group saw an annual threshold increase greater 
than could be explained by presbyacusis alone. They 
studied genetically identified Usher IIa cases, whereas 
we primarily studied clinically diagnosed Usher II 
cases. The differences between the studies might be 
due to a varied contribution to the sample from other 
subtypes of Usher II, namely, Usher IIb and Usher 
IIc. An alternative explanation for the difference might 
be innate population differences or differences in the 
treatment of the hearing losses. The’ Dutch popula- 
tion may also have a higher frequency of certain genes 
that may perhaps exacerbate the effect of the USH2A 
mutant gene. Kimberling and Möller? also found no 
significant progression of the hearing abilities in Usher 
II patients over decades. This patient group was also 
probably varied with respect to its composition with 
regard to the Usher II subtype. 


Genetic analysis of the patient group discussed in 
this study is currently in progress (Kimberling, un- 
published observations). It will be interesting to cor- 
relate our findings with the genotypes and to further 
compare our results with the findings of Wagenaar 
et al^ in 26 genetically identified Usher IIa cases. It 
would be very unlikely that our group of 125 Usher 
II patients would not include Usher IIa patients, since 
Usher IIa accounts for a majority of Usher II patients. 


In our study group, a number of Usher II patients 
complained of the feeling of a hearing deterioration 
over the years. It might have been due to the fact that 
Usher II patients are born with a hearing deficit and 
are used to supplementing their hearing function by 
lipreading. As the visual function deteriorates, the ` 
subjective impression of acoustic communication de- 
teriorates, too, and the patients attribute this to a pro- 
gression of their hearing loss. In those patients who 
complained about a progression of hearing loss, we 
found in no case a measurable change of the hearing 
curve. Therefore, the consulted otologist can reassure 
his or her Usher II patients that changes in their hear- 
ing abilities are unlikely and should emphasize the 
continuous verification of an optimal provision with 
modern hearing aids. 
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We present a very rare case of mucosal melanoma with osteocartilaginous differentiation (MMOD). This is the first report of 
MMOD originating in the sinonasal cavity. Preoperative diagnosis of this tumor from specimens resected for biopsy alone is very 
difficult, because it has 2 histopathologic components: a primary melanoma site and the part of the melanoma with osteocartilagi- 
nous differentiation. The immunohistochemical technique is useful in histopathologic diagnosis of this tumor. Malignant melanoma 
usually shows reactivity with MelanA (melanoma tumor antigen) and S-100 proteins. We diagnosed this case as MMOD because 
both regions in this tumor were stained with MelanA and S-100 proteins. Magnetic resonance imaging provides the best clinical abil- 
ity to detect malignant melanoma in the sinonasal region. In this case, the melanotic melanoma site in the posterior ethmoid sinus ap- 
peared hyperintense to gray matter on T1-weighted image magnetic resonance imaging. Thus, it would have been possible to diagnose 
this case as MMOD before operation, even though we could not obtain a biopsy specimen from the posterior ethmoid sinus lesion. 


KEY WORDS — mucosal melanoma, osteocartilaginous differentiation, sinonasal cavity. 


INTRODUCTION 


Mucosal melanoma with osteocartilaginous differ- 
entiation (MMOD) of the nasal cavity and paranasal 
sinus is an uncommon tumor. Banerjee et al! reported 
that 18 cases of MMOD in the whole body had been 
reported. The report of Hoorweg et al? was the first 
and only report to describe MMOD of the nose and 
paranasal sinus. However, theirs was a recurrent case 
of melanoma in the sinonasal region. Mucosal mela- 
noma is a rare tumor in the nasal cavity and paranasal 
sinuses. Melanomas of the sinonasal cavity consti- 
tute fewer than 4% of all sinonasal neoplasms and 
account for approximately 1% of all malignant mela- 
nomas.? It is difficult to differentiate a melanoma 
from other tumors by histopathologic examination of 
only biopsy specimens. Some melanomas have been 
misdiagnosed before operation as other tumors, such 
as undifferentiated carcinoma, olfactory neuroblasto- 
ma, rhabdomyosarcoma, and malignant lymphoma.* 
Two histopathologic components are included in the 
MMOD: the primary melanoma site and the part of 
the melanoma with osteocartilaginous differentia- 
tion.! The histopathologic diagnosis of MMOD is 
very difficult if the tumor specimen is resected only 
from the portion with cartilage and bone formation. 
Magnetic resonance imaging (MRI) is a useful tool 
for preoperative diagnosis of melanoma. In general, 
melanoma has a high signal intensity on T1-weighted 
images and a low signal intensity on T2-weighted 


images as compared to gray matter.? Herein, we de- - 


scribe the first primary case of a patient with MMOD 


that was initially diagnosed before operation as mes- 
enchymal chondrosarcoma. 


CASE REPORT 


A 75-year-old woman presented to the otorhino- 
laryngology clinic of Kanazawa University Hospital 
on November 27, 2000, with massive epistaxis from 
the left nostril that had recurred for about 8 months. 
Endoscopic examination revealed a dark violet poly- 
poid tumor arising from the olfactory cleft in her left 
nasal cavity and a gray mass continuing from the na- 
sal tumor into the nasopharynx. An MRI scan was 
performed. An axial T1 -weighted image showed a le- 
sion that was high-intensity to gray matter in the pos- 
terior ethmoid sinus, bordered by a very high-inten- 
sity area that appeared hemorrhagic (Fig 1A). A cor- 
responding axial T2-weighted image showed a lesion 
that was low-intensity to gray matter, bordered by 
very low signal intensity (Fig 1B). A coronal T1- 
weighted image through the nasal cavity showed a 
lesion that was low-intensity to gray matter and con- 
tinuous with the high-intensity lesion in the posterior 
ethmoid sinus that was adjacent to the cranial base 
(Fig 1C). An axial T2-weighted image showed a le- 
sion that was intermediate-intensity to gray matter and 
continuous with the low-intensity lesion in the pos- 
terior ethmoid sinus (Fig 1D). The very high-inten- 
sity area in the left maxillary sinus appeared to be 
due to an obstructed secretion. On histopathologic ex- 
amination of a biopsy specimen from the nasal poly- 
poid lesion, the tumor was found to be a mesenchy- 
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Fig 1. Magnetic resonance imaging. A) Axial TI-weighted image shows that tumor in posterior ethmoid sinus has high signal 
intensity to gray matter (arrow) and is bordered by very high- intensity area that appears hemorrhagic. B) Corresponding axial 
T2 -weighted image shows lesion that is low-intensity to gray matter (arrow) and is surrounded by very low-intensity area in 
posterior ethmoid sinus. C) Coronal T1-weighted image shows lesion that is low-intensity to gray matter in nasal cavity 
(arrow) and is continuous with high signal intensity in posterior ethmoid sinus. D) Axial T2 -weighted i image shows lesion that 
is intermediate- or high-intensity to gray matter in nasal cavity (arrow) and is continuous with low signal intensity in posterioi 


ethmoid sinus. 


mal chondrosarcoma that was extremely undifferen- 
tiated. Surgical treatment was not considered because 
of the many complications of the patient's hyperten- 
sion, diabetes, hyperlipidemia, herniation of a lum- 
bar disc, and arrhythmia and the lack of histopath- 
ologic differentiation of the tumor. The patient was 
treated by intra-arterial chemotherapy with cis-di- 
aminedichloroplatinum (CDDP) and radiotherapy (30 
Gy to the nose and paranasal sinuses). First, 100 mg 
of CDDP was superselectively administered through 
the feeding artery (the left maxillary artery) every 3 
weeks. Although the tumor became gradually reduced 
in the nasopharynx, there was no regression of tumor 


size in the nasal cavity and paranasal sinuses. The 
patient subsequently underwent an excision by left 
lateral rhinotomy under general anesthesia. The mac- 
roscopic findings of the tumor were a dark violet pol) 

poid tumor in the nasal cavity and a black polypoid 
tumor continuous with it in the left posterior ethmoid 
sinus. The postoperative histopathologic examination 
revealed that the tumor in the left posterior ethmoid 
sinus was composed of epithelioid cells with large 
round nuclei and massive melanin pigments (Fig 2A). 
The tumor in the left nasal cavity showed the prolif- 
eration of short spindle cells and cartilaginous cells 
(Fig 2B). Since an immunohistochemical study re- 
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vealed positive staining of the neoplastic cells with 
S-100 and MelanA (melanoma tumor antigen; Fig 2C) 
in both regions, this tumor was diagnosed as an 
MMOD. Although combination chemotherapy was 
suggested, consisting of dimethyltriazeno imidazole 


Fig 2. Histologic photomicrographs. A) Poste- 
rior ethmoid sinus tumor shows many invasive 
atypical cells containing massive melanin gran- 
ules in cytoplasm (H & E, original x400). B) 
Nasal tumor has 2 histologic components (H 
& E, original x100). One is area of small spindle 
cells in myxoid stroma, and other is area of car- 
tilaginous matrix with atypical cartilaginous 
cells (asterisk). C) Small spindle cells of nasal 
tumor are diffusely positive for MelanA pro- 
tein in cytoplasm (original x600). 


carboxamide, amino methyl pyrimidinyl chlorethy ni- 
trosourea hydrochloride, vincristine, and CDDP, the 
patient rejected this treatment. She has been reviewed 
regularly and was disease-free at 14 months after treat- 
ment. 
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DISCUSSION 


An MMOD arising in the sinonasal region is an 
extremely rare tumor. According to previous stud- 
ies, only 18 cases have been reported.! Only 1 case 
of MMOD occurring in a neck lymph node with mela- 
noma in the sinonasal cavity was reported by Hoor- 
weg et al.? To the best of our knowledge, this is the 
first report of a primary MMOD in the sinonasal cav- 
ity. A possible explanation of the cartilaginous for- 
mation with melanoma has been suggested by Lucas 
et al. They wrote that melanomas were mesenchy- 
mal tumors and suggested that mesenchymal meta- 
plasia might result in the production of osteocarti- 
laginous components. It is known that mesenchymal 
tumors originating from the neural crest have the abil- 
ity to form stroma, bone, and cartilage.” 


The differential diagnosis of MMOD in the nose 
and paranasal sinus includes sarcomatoid squamous 
cell carcinoma, osteogenic sarcoma, mesenchymal 
chondrosarcoma, and malignant change in a pleomor- 
phic adenoma.! We diagnosed this tumor as mesen- 
chymal chondrosarcoma at the initial diagnosis from 
histopathologic examination of a small biopsy spec- 
imen. Mesenchymal chondrosarcoma usually dis- 
plays small, round, undifferentiated cells in a heman- 
giopericytoma-like pattern interspersed with islands 
of cartilage." Prominent spindle cell areas may also 
be present with a consequent increased diagnostic 
difficulty. The expression of MelanA and 5-100 pro- 
teins is characteristic of melanomas.? Evans et al® 
reported that melanocytes were more clearly stained 
with MelanA than with S-100 protein. Although the 
diagnosis of MMOD is very difficult to make by his- 
topathology, immunohistochemical examination is 


useful for definitive diagnosis of MMOD. 


Although melanoma has a poor prognosis, early 
detection, diagnosis, and treatment of this disease is 
beneficial for longer patient survival. When the im- 
aging findings can suggest the pathological nature of 
the lesion, delays in diagnosis and treatment can be 
avoided. The best imaging tool for diagnosis of a 
sinonasal mass is MRI. It was revealed by previous 
studies using MRI that melanotic melanoma showed 
hyperintensity to gray matter on T1-weighted images 
and low to intermediate signal intensity to gray mat- 
ter on T2-weighted images.? This finding is gener- 
ally suggested to be due to the paramagnetic proper- 
ties of melanin,’ although some studies suggest that 
these findings in MRI are due to free radical forma- 
tion in melanin.!? In any case, the MRI intensity of 
melanoma relates to the melanin content of the tu- 
mor. Amelanotic melanoma in the nasal cavity shows 


. intermediate signal intensity to gray matter on T1- 


weighted images.? The posterior ethmoid lesion that 
was diagnosed as melanotic melanoma on histopa- 
thology showed high signal intensity to gray matter 
on T1-weighted MRI. However, the tumor of the na- 
sal cavity that was diagnosed as the portion with car- 
tilaginous differentiation in the melanoma presented 
a low signal intensity to gray matter on T1-weighted 
MRI. This finding suggests that it was possible to 
diagnose this case as MMOD rather than as mesen- 
chymal chondrosarcoma before operation, because 
the high intensity to gray matter of the T1-weighted 
MRI in the posterior ethmoid sinus lesion indicated 
this tumor to be a melanotic melanoma, and we could 
not obtain a biopsy specimen from the posterior eth- 
moid sinus lesion. mE 
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HYPERVISCOELASTICITY OF EPIPHARYNGEAL MUCUS MAY INDUCE 
GLOBUS PHARYNGIS 


YOSAKU SHIOMI, MD, PHD YOSHIKO SHIOMI, MD 
NAOHARU ODA. MD SHINJI HOSODA, MD 


MATSUE, JAPAN 


Detailed observation reveals a lump of translucent sticky mucus standing in the epipharynx of most globus patients, suggesting 
that the mucus adherent to the epipharynx causes a globus sensation. The epipharyngeal mucus of 70 consecutive globus patients was 
sampled via the nasal cavity. Fucose and sialic acid, the determinants of the viscoelasticity of mucus, were measured. Twenty-three 
patients were also asked to complete the Throat Questionnaire so we could evaluate the correlation between the degree of globus 
sensation and the viscoelasticity of the mucus. The mucus of 10 healthy subjects was sampled, analyzed, and compared with the data 
of the patients. The fucose and sialic acid concentrations found in the patients with globus pharyngis were significantly higher than 
those in the control subjects (Mann-Whitney U test, p « .01). The fucose concentrations correlated significantly with the globus 
pharyngis scores (Spearman correlation, p « .05). We conclude that there is a close association between stagnant mucus in the epi- 
pharynx and globus sensation. 


KEY WORDS — epipharynx, globus sensation, mucus, viscoelasticity. 


INTRODUCTION ynx. Detailed evaluation of the epipharynx reveals a 

Globus pharyngis is defined as the sensation of lump of colorless translucent mucus standing in the 
having a lump in the throat. As, in many cases, rou- epipharynx of most patients with globus pharyngis 
tine otolaryngological clinical examination fails to (Fig 1), but not in healthy subjects. We hypothesized 


that there might be a lump of mucus of high viscos- 
ity and spinability stagnant in the epipharynx in spite 
of swallowing and mucociliary transport that causes 
the globus sensation. 


reveal the underlying pathogenesis, it has been widely 
regarded as being of psychological origin. 


More recently, globus pharyngis has been reported 
to be due to esophageal disorders, such as gastro- 
esophageal reflux disease (GERD), motility disor- The viscosity and the elasticity of mucus are im- 
ders, and structural abnormalities.! That idea may, 
however, be caused by the high prevalence of con- 
comitant asymptomatic GERD in the healthy West- 
ern population.! Wilson et al? showed that there was 
a similar rate of reflux in the control group in their 
study and insisted that abnormal exposure of the 
esophageal mucosa to acid and distal esophageal dys- 
motility were not the etiologic factors in the major- 
ity of patients with globus pharyngis. In light of our 
personal experience as otolaryngologists, we also 
think that GERD may be present in the minority of 
patients, while in the majority, some other physical 
basis for the disorder exists. 

Sensory denervation of the central palate follow- 
ing laser-assisted uvulopalatoplasty can be a cause 
of globus pharyngis.? The degree of this unpleasant 























globus sensation seems to be related to the size of Fig 1. Epipharynx of patient with globus pharyngis as 
the insensible area left by uvulopalatoplasty.? It is observed under flexible fiberscope. Colorless, translu- 

i jene i: cent mucus can be observed on posterior-superior aspect 
probable that some patients with globus pharyngis of soft palate (SP). PT — pharyngeal tonsil; SF — sal- 
present an organic cause of this disorder in the phar- pingopharyngeal fold. 
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TWELVE-ITEM THROAT QUESTIONNAIRE 


. Feeling of something stuck in throat 
. Pain in throat 

. Discomfort in throat 

. Difficulty in swallowing food 

. Dryness of throat 

. Indigestion 

. Hoarseness 

. Catarrh down throat 


GO oco wy CO Un A Uu t3 HS 


. Throat closing off 

. Have to keep swallowing 

. At present, how annoying do you find your throat? 
Not at all Almostnot Moderate Severe 
Unbearable 

12. How often are you aware of your throat? 


— p 
ie x 


Not atall Almost never Oncea month Once a week 
Once/twice a week Daily All the time 


Items 1 through 10 are scored on 5-point scale: 
None Mild Moderate Severe Unbearable 
None = 0, Unbearable = 4 


Items 1-5 and 9-11 are combined to give “total throat score” with 
maximum value of 32. 


portant determinants of mucociliary transport.* The 
concentrations of fucose and sialic acid positively 
correlate with the viscoelasticity of nasal mucus. 
To investigate the organic disorder eliciting the glo- 
bus sensation, we examined the concentrations of fu- 
cose and sialic acid in epipharyngeal mucus. 


METHODS 


The subjects were 70 consecutive patients (27 men 
and 43 women, 23 to 87 years of age) who visited 
our clinic complaining of a globus sensation of un- 
known origin in the throat between October 1, 1999, 
and January 31, 2001. A routine diagnostic workup 
including a patient history, otolaryngological exami- 
nation, and flexible endoscopy of the hypopharynx 
and cervical esophagus failed to reveal the cause of 
the disorder. 


Epipharyngeal mucus was collected by aspiration 
with a thin pipe of 1 mm in outer diameter (Naga- 
shima Medical Instruments Co, Ltd, Tokyo, Japan) 
via the nasal cavity under the control of a fine flex- 
ible fiberscope (ENF Type XP, Olympus, Tokyo). 
Care was taken to avoid stimulating the mucosal sur- 
face during the collection. To examine the reproduc- 
ibility of the data, we also collected mucus 2 weeks 
. after the first sampling in 4 patients who still com- 
plained of a globus sensation in spite of medication 
(Ambroxol, 45 mg/d for 14 days). Nasal smears for 
eosinophils obtained from the sampled mucus were 
studied with May-Griinwald-Giemsa staining to ex- 
amine the possibility of an allergic reaction. Twenty- 


three of the patients (10 men and 13 women, 23 to 
78 years) who visited us between September 1, 2000, 
and January 31, 2001, were asked to complete the 
Throat Questionnaire? (see Table), which yielded a 
current globus pharyngis score, a total throat score 
(TTS; derived from 8 items relating to pharyngeal 
aspects of globus sensation), and a frequency-of- 
throat-awareness score on the day of mucus sampling. 


Ten healthy volunteers (7 men and 3 women, 23 
to 56 years of age) took part in the study as controls. 
As a measurable amount of secretion could not be 
obtained from the healthy subjects, the nasal mucosa 
was provoked with acetylcholine in metered dose 
pump sprays (Novartis, Basel, Switzerland) that de- 
livered approximately 0.09 mL per puff. One puff 
of acetylcholine (4.5 mg, Daiichi, Tokyo) was ad- 
ministered into each nostril. Shortly after the dos- 
ing, excess fluid in the nostril was gently wiped away 
with gauze. Epipharyngeal secretions were sampled 
5 minutes after the provocation by aspiration in the 
same manner as in patients. 


The collected samples were stored at —40°C and 
were preserved for the biochemical measurements. 
Before use, the samples were left at room tempera- 
ture for 1 hour. Each nasal sample was weighed and 
mixed with 19 volumes of distilled water, and the 
mixture was homogenized in an ice bath. Fucose was 
measured by the cysteine sulfate method described 
by Winzler,® and sialic acid by an enzymatic assay.’ 


The concentrations of fucose and sialic acid in 
samples from patients with globus pharyngis were 
compared with those of normal volunteers by non- 
parametric analysis (Mann-Whitney U test) to reduce 
the influence of any outliers. The association between 
the concentrations of fucose and sialic acid from glo- 
bus patients and the TTS, which was associated with 
the severity of globus symptoms,’ was examined by 
Spearman rank correlation. A p value of less than 
.05 was considered statistically significant. Informed 
consent was obtained from all of the subjects. 


RESULTS 


The amounts of collected epipharyngeal secretion 
in patients with globus pharyngis and controls were 
0.175 x 0.015 mL (mean + SE; median, 0.157; range, 
0.011 to 0.560) and 0.317 + 0.047 mL (median, 0.292; 
range, 0.124 to 0.589), respectively. In both groups, 
the sampled secretions were colorless and translu- 
cent; however, those from patients were mucinoid, 
while those from controls were mucoserous. Of the 
nasal smears of the sampled mucus, 7.5% (3/40 pa- 
tients) were positive for the presence of eosinophils 
(24%). 
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The fucose concentrations in the group of patients 
(1,032.0 + 69.2 ug/mL, median, 866.5; range, 210.0 
to 3,039.0) were significantly higher than those in 
the controls (522.2 + 80.5 ug/mL; median, 518.5; 
range, 150.0 to 983.0; p = .0015; Fig 2). The sialic 
acid concentrations in the group of patients (732.6 + 
33.9 ug/mL; median, 714.5; range, 178.0 to 1,498.0) 
were significantly higher than those in the controls 
(343.3 + 32.9 g/mL; median, 329.0; range, 209.0 
to 569.0; p < .0001; Fig 2). In the 4 patients who 
complained of a globus sensation in spite of medica- 
tion, the fucose and sialic acid concentrations of the 
mucus collected 2 weeks after the first sampling were 

also higher than those in the controls (Fig 2). 


The TTS correlated significantly with the fucose 
concentrations (p = .0316; Fig 3). There was no sig- 
nificant correlation between the TTS and the sialic 
acid concentrations (p = .6993; Fig 3). 


Fucose concentration 





Sialic acid concentration 





Fig 2. Fucose concentrations (hori- 
zontal) and sialic acid concentrations 
(vertical) in epipharyngeal secretions 
(mean t SE). Open triangles show pa- 
tients with globus sensation, and filled 
circles show controls. Open squares 
indicate data obtained 2 weeks after 
first sampling in patients with sus- 
tained globus sensation. (Number on 
right shoulder of open triangle and 
open square indicates data from same 
patient.) 
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DISCUSSION 


In all of the patients with globus pharyngis, secre- 
tions could be collected in the epipharynx. On the 
other hand, in healthy subjects, nasal and epipharyn- 
geal secretion is so slight that sampling of measur- 
able amounts of secretions for biochemical analysis 
is difficult; thus, nasal provocation tests have been 
performed.® Different types of provoking agents, in- 
cluding methacholine, histamine, and allergen, have 
been used.’ Brofeldt et alë reported that methacho- 
line-induced secretions contained less fucose (295 
ug/mL) than did histamine-induced (383 g/mL) and 
allergen-induced secretions (422 ug/mL,), while there 
were no significant differences in the sialic acid con- 
tent of methacholine-, histamine-, and allergen-in- 
duced secretions (231, 233, 208 ug/mL, respective- 
ly). The concentrations of fucose and sialic acid in 
the acetylcholine-induced secretions in our study 


(ng/mL) 
1000 


800 


400 


200 





Fig 3. Spearman rank correlation analysis of À) fucose and B) sialic acid concentrations against total throat score (TTS). 
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were higher than those in the methacholine-induced 
secretions mentioned above. The epipharyngeal mu- 
cus of patients with globus pharyngis contains more 
fucose and sialic acid than do secretions induced by 
any provoking agent. As only 3 out of 40 patients had 
a nasal smear positive for eosinophils in this study, 
acetylcholine, which directly stimulates glandular 
cholinoceptors,?:10 was thought to be most appropri- 
ate for the provocation test in healthy volunteers. 


Fucose and sialic acid are markers of mucous gly- 
coproteins. The concentration of fucose is propor- 
tional to the viscoelasticity of the nasal mucus.^ Fu- 
cose is present in respiratory mucous glycoproteins 
and absent from serum glycoproteins.? Accordingly, 
fucose is the most important determinant of the rheo- 
logical properties of nasal mucus. On the other hand, 
sialic acid is present in similar amounts in mucous 
and serum glycoproteins.!! Sialic acid has an axial 
carboxylic group and, because of its negative charge, 
is considered to play a central role in establishing 
cross-links between glycoproteins.!? Therefore, sialic 
acid has also been considered an index of mucus vis- 
cosity. The significantly higher concentrations of fu- 
cose and sialic acid found in patients with globus 
pharyngis support our hypothesis that sticky mucus 
anchored to the epipharynx may cause the globus 
sensation. 


Every time we checked the epipharynx of patients 
with a persistent globus sensation by nasal endos- 
copy, there was a colorless, translucent mucus stand- 
ing in the epipharynx. The concentrations of fucose 
and sialic acid were also higher than those in con- 
trols 2 weeks after the initial sampling in the 4 pa- 
tients who complained of a persistent globus sensa- 


~ 
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tion in spite of 2 weeks of medication. In them, the 
sialic acid concentrations slightly changed for 2 
weeks, while the fucose concentrations tended to be 
stable. This finding coincided with the significant 
correlation observed between the fucose concentra- 
tions and the TTS, which is associated with the se- 
verity of globus symptoms. 


Secretions collected in the nasopharyngeal space 
are produced by goblet cells and seromucous glands 
in the upper part of the nasopharynx and the nose.1? 
The secretions from the posterior part of the nose 
show a significantly higher spinability than do those 
from the anterior part.!^ In the paranasal sinuses, the 
number of glands is very limited,! and the mucus 
production from the glands in the paranasal sinuses 
can be considered almost negligible.!? In none of the 
patients did we observe apparent discharge from the 
orifice of the paranasal sinuses. The fact that in con- 
trast to healthy subjects, some amount of mucus could 
be sampled without provocation from all patients may 
indicate an increased production of mucus in the pos- 
terior part of the nose and the epipharynx. 


Hyperviscoelastic epipharyngeal mucus disturbs 
mucociliary transport.^ Some amount of mucus of 
high viscosity and spinability stagnant in the epiphar- 
ynx in spite of swallowing and mucociliary trans- 
port, which may be sensed as a foreign body on swal- 
lowing, would cause the globus sensation. 


The precise mechanism and production site of epi- 
pharyngeal mucus of high viscosity is to be eluci- 
dated in the future. However, we conclude that there 
is a close association between stagnant mucus in the 
epipharynx and the globus sensation. 
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RAT LARYNGEAL TRANSPLANT MODEL: TECHNICAL 
ADVANCEMENTS AND A REDEFINED REJECTION GRADING SYSTEM 
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The rat laryngeal transplant model, introduced in 1992, laid the basic science foundation that contributed to the first successful 
human larynx transplant in 1998. Over 1,500 rat transplants later, numerous modifications have improved the model, increasing the 
initially reported evaluability rate of 50% to almost 100%. The observed histologic rejection process has been altered, as well. We 
report the technique modifications, as well as the results of a new study using nonimmunosuppressed, allogenic transplantations, in 
order to define a new rejection grading system. Using the updated model, we performed 50 transplantations between LBN(f1) donor 
rats and Lewis recipients. Larynges from 8 groups of 5 to 10 animals were harvested at intervals between 1 and 20 days after trans- 
plantation. The larynges were examined grossly and microscopically in a blinded manner for evidence of rejection. A multivariable 
linear regression model was used to define a new rejection grading scale. All 50 animals survived their assigned posttransplantation 
period. No animals exhibited vascular thromboses, for an evaluability rate of 100%. Histologic criteria in 7 categories and gross 
criteria in 5 categories demonstrated increased rejection proportional to the amount of time after transplantation. The equation 
[Group = —2.209 + 0.465 x (Size) + 0.901 x (VA Flow) + 0.613 x (Muscle) + 1.040 x (Thyroid)] reproducibly grades rejection on the 
basis of gross and histologic findings. New modifications to the rat laryngeal transplant model have conferred greatly improved 
animal survival rates and anastomotic patency rates. Additionally, the observed rates of rejection have been reduced in comparison to 
those of initial studies. This updated rejection staging system will be used to compare immunosuppressive regimens in future rat 


laryngeal transplant studies. 


KEY WORDS —- larynx, rat, rejection, thyroid cartilage, transplantation. 


INTRODUCTION 


The first animal model for laryngeal transplanta- 
tion was the canine model, described in 1965.! After 
Work and Boles determined that the dog larynx could 
survive pedicled on the superior laryngeal artery and 
vein alone, they performed a successful reimplanta- 
tion of an autologous larynx including vessel anas- 
tomoses.? Soon after, Ogura et al? described the first 
successful homologous transplantation using the ca- 
nine model. 


The first successful laryngeal transplant in a hu- 
man was performed on January 4, 1998, by the se- 
nior author (M.S.). The transplanted complex in- 
cluded the larynx, pharynx, 5 rings of trachea, the 
thyroid gland, and the parathyroid glands. The pa- 
tient continues to function well to date with his trans- 
planted organs.* The rat model for laryngeal trans- 
plantation was introduced by the senior author in 
1992, which subsequently laid the groundwork of 
basic science knowledge that made the attempt at 
human transplantation successful. The initial de- 


scription of this model reported that the laryngotra- 
cheal complex was placed in tandem with the native 
airway and used an arteriovenous shunt for the ve- 
nous outflow through the superior thyroid artery. Of 
the 16 rat transplantations performed, death occurred 
in 13%; the remaining rats demonstrated a 64% arte- 
rial patency rate and a 43% venous patency rate. The 
benefits of the rat model were reported as low cost, a 
dose-related sensitivity to medications that more 
closely resembled that of humans than did that of 
dogs, and the ability to perform trials that included 
large numbers of animals. 


Subsequent work by the same group defined the 
histopathologic correlates one would expect to see 
in rats after transplantation without immunosuppres- 
sion. Although there were no deaths associated with 
the 24 transplantations, 5096 of the organs demon- 
strated infarction upon microscopic evaluation. Of 
the transplants that survived, changes to specific tis- 
sues (mucosa, minor salivary glands, cartilage, and 
blood vessels) were graded and used to formulate a 
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grading scale for laryngeal rejection. 


Over the past 10 years, numerous modifications 
have been made to the initial technique described in 
1992. Along with improved rates of survival and eval- 
uability, the rate of microscopic rejection has been 
altered. It is the purpose of this article to report the 
modifications made to the originally described model 
and to describe in detail the currently used technique. 
A new study involving 50 allograft transplantations 
without immunosuppression was performed with 
planned sacrifice between 1 and 20 days after trans- 
plantation. Structures were then graded in a blinded 
manner for specific changes. A multivariable linear 
regression model was then used to establish a new 


grading system to be used in subsequent trials that . 


will evaluate various immunosuppressive regimens. 


MATERIALS AND METHODS 


This study was performed in accordance with the 
PHS Policy on Humane Care and Use of Laboratory 
Animals, the NIH Guide for the Care and Use of 
Laboratory Animals, and the Animal Welfare Act (7 
U.S.C. et seq.); the animal use protocol was approved 
by the Institutional Animal Care and Use Commit- 
tee (LACUC) of The Cleveland Clinic Foundation. 


CURRENT RAT LARYNGEAL TRANSPLANTATION 
TECHNIQUE | 


Donor Harvest. Lewis Brown Norway male rats, 
first generation (LBNf1), between the ages of 6 and 
8 weeks serve as donors (Harlan Laboratories, India- 
napolis, Indiana). Their weight at the time of harvest 
is between 175 and 200 g. Chloral hydrate, 12 mg/ 
100 g body weight, is injected intraperitoneally for 
sedation. The skin over the neck is swabbed with 
Betadine and resected. The salivary glands are re- 
moved, the strap muscles are separated in the mid- 
line, and a tracheostomy is performed between the 
fourth and fifth tracheal rings. Both vagal nerves are 
resected, and the internal] and external carotid arter- 
ies are isolated. The bilateral internal carotid arter- 
jes are ligated, as well as the external carotid arteries 
superior to the superior thyroid arteries, such that the 
laryngotracheal complex is pedicled solely upon the 
superior thyroid arteries. Heparin sodium is injected 
in the external jugular vein at 2 U/g. Bovie cautery 
transects the tissues between the larynx and the hy- 
oid bone and is continued posteriorly through the 
pharynx. Temporary clamps are placed on both com- 
mon carotid arteries, which are transected proximally. 
The trachea is divided at the tracheostomy site, and 
the esophagus is transected posteriorly at the same 
axial level. Pentobarbital sodium 50 mg is injected 
intravenously for euthanasia. 


Preparation of Graft. Within a sterile solution of 


heparinized saline, the carotid arteries are manually 
milked free of blood. Heparinized Ringer’s solution 
(200 U/10 mL) is gently injected through a 22-gauge 
needle to flush the organ until there is no visibly 
bloody discharge from the opposite carotid artery. 
Then, 6 mL of Wisconsin’s solution (ViaSpan, Belzer 
UW, DuPont Pharmaceuticals, Wilmington, Dela- 
ware) 1s injected and the organ is placed into cold 
Wisconsin’s solution during preparation of the re- 
cipient. 


Transplantation. A male Lewis rat, 6 to 8 weeks 
old, is sedated in the same manner as in the organ 
harvest. The neck is prepared with Betadine, and a 
3-cm vertical incision is performed. The left salivary 
gland is resected, as well as the left strap muscles. 
The left carotid artery 1s isolated and temporarily 
clamped. The donor organ is then flushed with hepa- 
rinized saline solution and placed into the field. The 
donor's common carotid arteries are shortened to 5 
mm in length with a beveled cut. An arteriotomy is 
performed in the recipient's left common carotid ar- 
tery, and an end-to-side anastomosis is performed 
by using 10-0 monofilament nylon in a continuous 
fashion under the operative microscope. 


The left external jugular vein is isolated and tem- 
porarily clamped. An end-to-side anastomosis is per- 
formed in a similar manner to the first. One hundred 
units of intravenous heparin sodium is injected sys- 
temically, and all clamps are released. Reperfusion 
of the organ is easily confirmed by an immediate 
"flush" of the thyroid gland and visible blood flow 
through the anastomoses. The field is flushed with 
penicillin (30,000 Ambi-Pen, Anthony Products, Ir- 
windale, California), and the incision is closed with 
4-0 silk. 


Postoperative Care. Immediate injection of 30,000 
U of penicillin is performed subcutaneously. The rats 
are housed in microisolator cages with specially de- 
signed filter lids to prevent exposure to ambient bac- 
teria or viruses. The cages are fitted with mesh bot- 
toms that keep soilage away from the surgical inci- 
sion. The animals drink water with 1 mg/mL tetra- 
cycline hydrochloride (Barr Laboratories, Pomona, 
New York) and 1 mg/mL acetaminophen throughout 
their postoperative course at a rate of approximately 
30 mL/d. Acetaminophen 16 mg per dose is given 
via gavage immediately after the operation and then 
as needed. 


Sacrifice and Histologic Evaluation. Sedation is 
repeated as outlined above. The incision is opened, 
and both vascular pedicles are inspected for throm- 
boses. The amount of fibrous capsulization is noted, 
and the larynx is entered superiorly to document the 
production of secretions intraluminally. Both pedicles 
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are transected, and the organ is placed into 10% for- 
maldehyde without flushing. Any blood needed for 
drug levels or lymphocyte analysis is then drawn, 
and the animal is painlessly sacrificed with pento- 
barbital sodium 50 mg intravenously. The larynges 
are embedded in paraffin and sectioned at 4-um thick- 
ness. After staining with hematoxylin and eosin, axial 
sections are plated for histologic review. 


Trial Design for New Rejection Grading System. 
By the above technique, 50 transplantations were per- 
formed between LBN(f1) and Lewis rats. The sub- 
jects were given no immunosuppression after the op- 









Fig 1. Characteristics of epithelium and cilia (H & E). A) Nor- 
mal (original x20). B) Decreased cilia (original x20). C) Non- 
ciliated multilayer (original x10). D) Monolayer (original x10). 
E) Absent (original x10). 


eration. Sacrifice was performed at 1 day, 3 days, 5 
days, 7 days, 9 days, and 12 days (5 rats each) and at 
15 days and 20 days (10 rats each). 


All organs were graded at the time of harvest for 5 
gross findings: encapsulation by fibrous tissue (ab- 
sent, mild, severe), size (normal, atrophic, enlarged), 
arterial flow (normal or occluded), venous flow (nor- 
mal, decreased, or occluded), and amount of intralu- 
minal secretions (absent, mild, or profuse). All slides 
were evaluated histologically by the same reviewer 
in a blinded fashion. Seven structures were graded: 
epithelium (5 grades), muscle, minor salivary glands, 
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lymphocytic infiltration, and thyroid gland (4 grades), 
perichondrium (3 grades), and cartilage (2 grades). 
Examples of grading are given in Figs 1-3. 


STATISTICAL ANALYSIS 


Model Building. After each organ had been graded 
in the 5 gross and 7 microscopic categories, a linear 
regression model was constructed to determine which 
characteristics were the most meaningful in predict- 
ing from which time period the specimens had origi- 
nated (Statistical Analysis System, version 6.12, SAS 
Institute, Cary, North Carolina). A backward stepwise 
selection with an exit criterion of œ = 0.05 was used 
to remove variables that seemed to contribute little 
toward explaining the variability of the groups. 


Model Assessment. The derived equation was then 
used to test the model's accuracy. This was done by 
re-deriving the equation with the results of 49 of the 
specimens and testing the one organ taken out of the 
analysis. In this way, every one of the organs was 
tested to determine how similar the predicted group 
would be without its own bias in the equation. These 
actual groups versus these predicted groups were then 
charted. 





Collapsing of Groups. Eight separate categories 
would be unwieldy for assessing future organs for 
signs of rejection. Therefore, adjacent groups were 
combined in a manner that would preserve the maxi- 
mum predictability of the category. Last, each indi- 
vidual specimen was reanalyzed, and the specific 
gross and histologic characteristics of each time 
grouping were determined. 


RESULTS 


All 50 animals survived the transplant procedure 
and their preassigned posttransplantation period, for 
10096 survivability. There were no signs of infec- 
tion or outward signs of rejection, even in the 20- 
day period. 


All specimens were successfully graded in the 5 
gross categories and the 7 microscopic categories for 
a total of 600 data points. Of note, all 30 specimens 
between 1 day and 12 days had normal flow in both 
the anastomosed artery and vein. All 10 specimens 
at 20 days exhibited decreased venous flow through 
the anastomosed vein but normal arterial patency and 
no evidence of thrombosis. Other general findings 
were absent secretions for all 50 specimens and nor- 
mal size for the 40 specimens 15 days or less after 
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transplantation, whereas all 10 specimens at 20 days 
appeared atrophic in size. Microscopic findings dem- 
onstrated progressive destruction of all of the struc- 
tures that were graded, with the exception of lym- 
phocytic infiltration. In this category, minor infiltra- 
tion was present at | day after transplantation, which 
then peaked to profound infiltration at 5 days after 
transplantation (all 5 animals in the group). Subse- 
quent infiltration then decreased to moderate and 
again to mild with progressively later time intervals. 


After constructing a multivariable linear regres- 
sion model to be able to predict rejection using the 
results from these 50 rats, we determined that the 
most useful categories for predicting rejection were 
size of the specimen, venous flow, and muscle and 
thyroid destruction. Graded severity in these catego- 
ries was then assigned numeric values, eg, for muscle, 
grade | means normal, grade 2 means >50% nucle- 
ated, grade 3 means <50% nucleated, and grade 4 
means absent. Table | demonstrates how the follow- 
ing multivariable linear regression equation would 
predict the placement of each specimen into a spe- 
cific grouping compared to their actual group: Group 
= —2.209 + 0.465 x (Size) + 0.901 x (VA Flow) + 


Ne - rtt A SS gi 


% Density (original x10). C) <50% Density 





0.613 x (Muscle) + 1.040 x (Thyroid). 


A correct classification based on the linear regres- 
sion modeling procedure would be made for 27 
(54%) of the 50 subjects. Classifying rejection into 
8 different severities is not only cumbersome, but is 
not very useful for comparing subsequent immuno- 
suppressive regimens. Therefore, the outlined boxes 
in Table 1 demonstrate the “collapsing” of groups 
from 8 separate ones into 5: (1), (2), (3,4), (5,6), and 
(7,8). Although less specific in their definitions, the 
rate of correct classification based on the linear re- 
gression model improves to 40 of 50 subjects (80%) 
with this system. Only 1 subject (in italics) is pre- 
dicted incorrectly from the actual time period by more 
than | group (2%). 


These groups were subsequently named accord- 
ing to their time after transplantation: normal (24 
hours), minimal rejection (3 days), early moderate 
rejection (5 to 7 days), late moderate rejection (9 to 
12 days), and severe rejection (15 to 20 days). The 
original characteristics of each specimen were then 
correlated with the amount of time after transplanta- 
tion and are charted as a descriptive classification 
scheme in Table 2. 
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TABLE 1. TESTING ACCURACY OF MULTIVARIABLE 
LINEAR REGRESSION MODEL IN PREDICTING 
REJECTION GRADE 


Actual Predicted Group 





Group ] 2 3 4 5 6 7 8 
l ; p 


DISCUSSION 


To summarize our findings, our rat laryngeal trans- 
plant model as described was able to achieve 100% 
survivability and 100% evaluability with no infarc- 
tions secondary to thrombosis out of the 50 trans- 
plantations performed. In addition, a new histologic 
grading system is described based upon the chrono- 
logical rejection observed at the ultrastructural level 
with no immunosuppression given. Using the histo- 
logic criteria, one is able to accurately predict the 
amount of rejection time allowed to occur with 80% 
accuracy among the 5 different time periods, and to 





98% accuracy within 1 adjacent time period. 


The model described is the evolution of Strome's 
rat laryngeal transplant model, initially reported in 
1992.5 Unfortunately, the original technique con- 
ferred a 1396 perioperative mortality rate, as well as 
a 36% arterial thrombosis rate and a 57% venous 
thrombosis rate for the 14 surviving animals. Since 
that initial report, 6 major changes in the model have 
been instituted. 


The use of Wisconsin's solution was investigated 
in 1994 and was shown to significantly prolong the 
maximum tolerated ischemia time from 3 to 20 hours, 
so it is now used in all transplantations.’ As origi- 
nally described, cautery was used after reperfusion 
to control bleeding. Cautery is now avoided to mini- 
mize tissue injury, and the majority of bleeding sites 
have been found to be self-limiting. Although no 
frank purulence was evident in earlier studies, sev- 
eral changes have been made to decrease possible 
bacterial contamination. Penicillin solution is now 
used to bathe the operative field at the conclusion of 
the transplantation. New mesh-bottom cages keep ex- 
crement away from the ventrally placed neck inci- 
sion and are fitted with filter lids to decrease ambi- 
ent bacterial and viral exposure. Last, the technical 





TABLE 2. GROSS AND HISTOLOGIC CHARACTERISTICS OF REJECTION OBSERVED AFTER TRANSPLANTATION _ 














Normal Minimal Early Moderate Late Moderate Severe 
(24 h) (5-7 d) (9-12 d) (15-20 d) 
Gross findings 
Encapsulation (absent, mild, severe) Absent Mild Mild Severe Severe 
Size (normal, atrophic, enlarged) Normal Normal Normal Normal Normal at 
15 days; 
atrophic at 
20 days 
Arterial anastomosis flow (normal, Normal Normal Normal Normal Normal 
occluded) 
Venous anastomosis flow (normal, | Normal Normal Normal Normal Decreased 
decreased, occluded) 
Secretions (absent, mild, profuse) Absent Absent Absent Absent Absent 
Histologic findings 
Epithelium and cilia (normal, Decreased cilia Multilayer Multilayer Monolayer Absent 
decreased cilia, multilayer, 
monolayer, absent) 
Muscle (normal, >50% nucleated, Normal Normal >50% Absent Absent 
<50% nucleated, absent) Nucleated 
Minor salivary glands (normal, Dilated Dilated Atrophied Absent Absent 
dilated, atrophied, absent) 
Lymphocytic infiltration (absent, Minor Moderate Profound at Minor Minor 
minor, moderate, profound) 5 days; minor 
at 7 days 
Thyroid gland (normal, >50% Normal >50% <50% Absent Absent 
density, <50% density, absent) Density Density 
Perichondrium (normal, >50% Normal Normal Normal >50% <50% 
nucleated, <50% nucleated) Cellularity Cellularity 
Cartilage (normal, decreased Normal Normal Normal Normal Decreased 


cellularity) 








cellularity 
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aspects of the microvascular anastomoses have been 
changed. Continuous suture technique is now per- 
formed instead of interrupted suturing, and the ve- 
nous anastomosis is designed to be in a more perpen- 
dicular end-to-side relationship with the external jug- 
ular vein. 


Not only did the survivability and evaluability of 
the model improve after these changes were incor- 
porated, but the rate of rejection has slowed in these 
nonimmunosuppressed control experiments. In the 
initial 1992 report of histopathologic findings, laryn- 
geal muscle was lost by postoperative day 5; it is 
currently observed to persist until day 9. One week 
after transplantation, initial reports demonstrated de- 
struction down to a “monolayer” epithelium; this is 
currently not observed until day 9. One used to ex- 
pect overall loss of ultrastructural architecture and 
replacement by granulation tissue by 14 days after 
transplantation, whereas we now see decreased cel- 
lularity of tissues and preservation of overall architec- 
ture even at 20 days after transplantation. The grad- 
ing of thyroid gland replacement by inflammatory 
cells and a more defined grading of muscle loss have 
been added to the rejection grading system, as well. 


Findings similar to our own have been seen in la- 
ryngeal transplants in the canine model. Silver et al® 
performed 11 allograft transplantations in dogs with- 
out immunosuppression to determine the nature and 
timing of rejection. In the 6 animals that survived 8 
days or more, mucosal necrosis occurred by day 12. 
Serial biopsies demonstrated an early submucosal in- 
filtrate that tended to regress by the fifth postopera- 
tive day, similar to our own peak of "profound" lym- 
phocytic infiltration. This time period likely repre- 
sents the height of antigenicity of the transplanted 
organ. Unlike in the rat model, the dogs’ transplanted 
tissue exhibited almost complete necrosis by the 10th 
day except for cartilage, which remained intact even 
at 2 weeks after operation. 


The rat has been used as an animal model to study 
other organ transplantation techniques. The sequence 
of histologic rejection in the rat cardiac model was 





studied by Tilney et al.? Using LBN(f1)-to-Lewis 
strain transplantations, the authors noted an intense 
cellular infiltrate in the subendocardium by 3 days 
after transplantation. Between 4 and 5 days, intersti- 
tial hemorrhage had occurred, with lymphocytes col- 
lecting between muscle fibers, and myocardial necro- 
sis was widespread. By 7 days, there was cessation 
of ventricular contractions, with little histologic myo- 
cardium remaining. Prop et al,!° studying rat combi- 
nation heart-lung transplants, found that lung tissue 
deteriorates at a faster rate than heart tissue. In 
LBN(f1)-to—Lewis strain transplants, alveoli had un- 
dergone functional rejection by 6 days, whereas car- 
diac grafts appeared to remain viable for as long as 
11 days. 


The rat model remains a powerful tool for study- 
ing rejection of laryngeal transplantation. A skilled 
microsurgeon can perform a complete harvest and 
transplantation in less than 2.5 hours. Combined with 
low cost and relatively little postoperative care as 
compared to other animals, the rat model has allowed 
our laboratory to perform more than 1,500 transplan- 
tations to study multiple immunosuppressive regi- 
mens, including medications such as cyclosporine, 
FK-506, rapamycin, mycophenolate mofetil, and 
methylprednisolone.!!-!3 Whole-body irradiation, do- 
nor-specific transfusion, and irradiation of the do- 
nor organ in vitro have been studied, as well.!4 It is 
our goal to transfer the knowledge gained from this 
animal model to humans, with the ultimate goal of 
human laryngeal transplantation immunosuppression 
with no co-morbidities. 


CONCLUSION 


Laryngeal transplantation may be performed in the 
rat model with excellent survivability and evaluabil- 
ity. Technical modifications to the original model re- 
ported in 1992 have altered the progression of rejec- 
tion observed when no immunosuppression is given. 
By use of the described chronological sequence of 
rejection as a grading system, subsequent studies will 
evaluate the immunosuppressive effects of various 
medical regimens in this rat model. 
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The design of the placement of the Clarion cochlear implant’s intracochlear electrode array has undergone 2 revisions since its | 
introduction, each to improve modiolar proximity. Stimulation with modiolar proximity may reduce current requirements for thresh- - 
old levels and most comfortable levels of stimulation. This study analyzed the effects of electrode design on programming levels for 
deaf children implanted with the 3 cochlear implant designs and followed at The Children’s Hospital of Philadelphia. Psychophysical 
data were reported if measurements were taken approximately 3 months after initial activation, and programming parameters in- 
cluded nonsequential monopolar stimulation of 75-1s-per-phase biphasic pulses presented at 813 Hz per electrode. The threshold 
level and most comfortable programming level were measured by standard clinical techniques appropriate for children. The results 
indicate that the 2 electrode placement revisions have each significantly reduced threshold levels and most comfortable stimulation 
levels. These results are discussed in the context of device aesthetics, safety, and function. 


KEY WORDS —- child, cochlear implant, electrode impedance, modiolar proximity. 


INTRODUCTION 


The design of the Clarion intracochlear electrode 
array has undergone 2 major revisions since being 
introduced in March of 1996. Each Clarion intraco- 
chlear electrode array has been designed so that it 
may be positioned close to the modiolus. It may be 
anatomically advantageous to position the electrode 
array in this manner, because 1) the modiolus con- 
tains the neural elements with which the cochlear 
implant interfaces, 2) closer placement of the elec- 
trode array against the modiolar wall may prohibit 
the growth of fibrous tissue between the array and 
the neurons, and 3) reduced channel interactions may 
be seen.!2 These theories are supported by Shepherd 
et al,? who found an increase in the electrically 
evoked auditory brain stem response thresholds with 
increased distance from the modiolus. 


The first commercially available version of the 
Clarion electrode array consisted of a 25-mm sili- 
cone rubber carrier surrounding a polyester sleeve, 
in which 16 Teflon-coated electrode wires were 
housed. The active electrode array length was 14.5 
mm.^ The silicone carrier varied in dimensions to 
conform to the shape of, and was precurved to main- 
tain its position close to, the modiolar wall of an av- 
erage cochlea. It was designed to reach one and a 
half turns (540?) into the cochlea. The surface area 
of each ball electrode was 0.012 mm. The electrode 
design underwent a minor modification of electrode 


wiring and was then marketed as the "enhanced bi- 
polar" electrode array. The first major revision to the 
design of the placement of the array was the elec- 
trode positioner system (EPS), introduced in 1998. 
This design did not change the intracochlear elec- 
trode array of the implant. Rather, the EPS was a 
separate, precurved piece of silicone rubber, thinner 
at the distal end. The EPS was concave on the me- 
dial side, to fit the intracochlear array, and convex 
on the lateral side, to come into contact with the lat- 
eral wall of the cochlea. The EPS was shorter than 
the electrode array, designed to make one complete 
turn (360?) into the scala tympani.? The second ma- 
jor change involved the design of a new intracochlear 
electrode array called the HiFocus. The HiFocus ar- 
ray consisted of a silicone rubber carrier precurved, 
not to the shape of the cochlea, but rather, to con- - 
form to the curvature of the basal turn and to orient 
the electrode contacts to the medial side of the co- 
chlea. The array was designed to be inserted one and . 
three quarters turns (630°), with an active electrode 
length of 17 mm. The surface area of each plate elec- 
trode was 0.20 mm?. The HiFocus was designed to 
be used with a separate positioner. 


To date, there have been no published reports as 
to the effects of the various Clarion electrode de- 
signs on psychophysical threshold and maximum 
comfortable levels of stimulation in human subjects. 
Unpublished conference proceedings and US Food 
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and Drug Administration clinical trial reports have 
described reduced programming levels with the spi- 
ral array with the EPS, compared to the spiral array 
without the EPS, and further reduced levels with the 
HiFocus array with the positioner (unpublished ob- 
servations by M. Osberger et al, 1999 and 2000; T. 
Lenarz et al, 1999; R. D. Battmer et al, 2000; and 
Advanced Bionics Corporation, Sylmar, California, 
1999). 


The purpose of this study was to examine the ef- 
fects of Clarion electrode design on threshold and 
most comfortable loudness levels in children. It was 
hypothesized that lower stimulation levels would re- 
sult with the use of the EPS with the enhanced bipo- 
lar electrode design because of the closer placement 
of the array with respect to the modiolus. Further- 
more, it was hypothesized that lower stimulation lev- 
els would result from the HiFocus electrode design 
because of the orientation of the electrode contacts 
toward the mcdiolus. 


METHODS 


Data for this study were taken from pediatric deaf 
‘subjects who received cochlear implants and were 
followed at The Children’s Hospital of Philadelphia 
(Philadelphia, Pennsylvania). All of the subjects in 
this study used cochlear implant systems manufac- 
tured by Advanced Bionics Corporation. The sub- 
jects used the enhanced bipolar electrode design, the 
enhanced bipolar electrode design with the EPS, or 
the HiFocus electrode design with the EPS. 


Data were included in the analysis if programming 
parameters included nonsequential monopolar stimu- 
lation of 75-us-per-phase biphasic pulses presented 
at arate of 815 Hz per electrode, which is the default 
programming parameter set for stimulation with the 
continuous interleaved sampling (CIS) programming 
strategy with the Clarion cochlear implant system. 
The mapping levels closest to 3 months after activa- 
tion were included in the analysis. Children for whom 
mapping level data were only available less than 1 
month or more than 6 months after activation were 
excluded. 


The details of the cochlear implant system used in 
this study are described above in the Introduction. 
The design of the internal controller stimulator (ICS 
1.2) was identical for the 3 electrode designs. 


Programming levels were established with SCLIN 
. for Windows version 98.004 (Advanced Bionics Cor- 
poration, 1998) and SCLIN2000 version 1.03.06.001 
: (Advanced Bionics Corporation, 2000). This soft- 
ware defines stimulation parameters that are passed 
to a speech processor by a clinical programming in- 


terface. The speech processor then sends stimulation 
parameters to the ICS by radio frequency pulses. The 
transmitting and receiving antennae are aligned and 
held in place by external and internal magnets. 


Threshold programming levels (T-levels) were de- 
termined by means of behavioral observation audi- 
ology, conditioned play audiometry (CPA), or volun- 
tary response techniques. In CPA, the child is taught 
to respond to stimulation by performing a simple task. 
For example, a child might drop a block in a bucket 
or place a peg in a pegboard in response to stimula- 
tion. Ideally, the T-level is established when the child 
first responds twice to ascending stimulus levels. The 
clinician is able to monitor false-positive rates by 
varying the interval between stimuli. The voluntary 
response technique involves the child in reporting 
the presence of stimulation by raising his or her hand 
or nodding when a stimulus is perceived. As with 


. CPA, false-positive responses are monitored by vary- 


ing the presentation interval. When a high false-posi- 
tive rate is detected by the clinician, the task is al- 
tered to reorient the child to the task. 


Most comfortable loudness levels (M-levels) are 
determined by raising the level of stimulation until 
the child expresses that the stimulation is at the up- 
per limit of comfort. If the child expresses that the 
stimulus is uncomfortable, the stimulus level is de- 
creased. A child might express that a sound is un- 
comfortably loud by telling the clinician to stop or 
by more subtle cues such as reddening in the face or 
an upturned bottom lip. After the levels have been 
assigned across the electrode array, modifications 
may be made in a live-voice mode to globally in- 
crease or decrease the M-levels, depending upon the 


. reaction of the child. 


In the clinical fitting environment, the “clinical 
unit" (CU) is the unit used to measure the stimula- 
tion level. The CU levels are equal to the commanded 
current measured in microamperes. There is a non- 
linear relationship between commanded current and 
actual curreiit Output by the device that is highly de- 
pendent on the impedance of the stimulating elec- 
trode. This relationship is roughly 1:1 for low com- 
manded currents, but becomes compressive at higher 
commanded current levels (unpublished observations 
by Advanced Bionics Corporation, 1999), 


In monopolar stimulation modes, T-levels and M- 
levels can be interpolated between tested electrodes. 
By the time of the programming session for which 
levels were used in this experiment, all electrodes 
had been individually tested. 


The electrode impedances were measured with the 
SCLIN for Windows and SCLIN 2000 software pack- 
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TABLE 1. SUBJECT DETAILS 


Meningitis Congenital Days After 
No. of as Cause Deafness Age* (y) Activation* 
Implant Design Subjects No. % No. % Average Range Average Range 
Enhanced bipolar 31 5 16 20 65 4.4 1.8-14.2 05 42-173 
Enhanced bipolar with EPS 12 1 8 67 6.8 2.0-12.1 97 63-157 
HiFocus with EPS 18 3 17 12 67 5.7 


EPS — electrode positioner system. 
* At time programming levels were measured. 


ages. The software used a single-point measurement 
of a 1,000-Hz sine wave to measure the impedance 
values. 


The average electrode stimulation levels were com- 
pared using 2-tailed t-tests assuming unequal vari- 
ances, 


RESULTS 


The stimulation levels for 61 subjects were com- 
pared for the 3 electrode designs. Subject character- 
istics, grouped by cochlear implant design, are in- 
cluded in Table 1. 


At the time of the visit when mapping levels were 
established, all of the subjects using the enhanced 
bipolar array and the enhanced bipolar array with EPS 
were programmed with the CIS speech processing 
strategy. Of the subjects using the HiFocus array with 
EPS, 67% were programmed with the simultaneous 
analog stimulation (SAS) speech processing strategy. 
The remaining 33% of the HiFocus with EPS sub- 
jects were programmed with CIS. | 


With the enhanced bipolar array, the average T- 
levels and M-levels were significantly lower when 
the EPS was used (p = .030 and p = .024, respec- 
tively). With the EPS, the average T-levels and M- 
levels were lower when the HiFocus electrode array 
was used. This difference was statistically signifi- 
cant for the T-levels (p = .049; Fig 1 and Table 2). 


1000 





Level (CU) 


Electrode 


Fig 1. Threshold programming levels (T-levels; dashed 
lines and open symbols) and most comfortable loudness 
levels (M-levels; solid lines and filled symbols) for dif- 
ferent electrode designs. Diamonds — enhanced bipolar 
array; squares — enhanced bipolar array with electrode 
positioner system (EPS); triangles — HiFocus array with 
EPS. Error bars indicate standard error of mean. 


1.7-15.6 83 . 31-168 


Only half of the 16 electrodes are used in CIS. 
Unused electrodes have relatively high impedances, 
and are excluded from this analysis. With the en- 
hanced bipolar array, electrode impedance values did 
not significantly change with use of the EPS. Use of 
the HiFocus array resulted in lower impedance val- 
ues than did use of the enhanced bipolar array with 
and without the EPS (p = .041 and p = .054, respec- 
tively; Fig 2 and Table 2). The difference in average 
electrode impedance values of the HiFocus and en- 
hanced bipolar arrays does not result in enough of a 
difference in current output to account for the effects 
of electrode design on stimulation levels. The mag- 
nitude of the current output difference represents 
28%, 23%, and 12% of the standard deviation of the 
M-levels of the average enhanced bipolar, enhanced 
bipolar with EPS, and HiFocus with EPS designs, re- 
spectively (unpublished observations by Advanced 
Bionics Corporation, 1999). . 


DISCUSSION 


All electrode designs of the Clarion cochlear im- 
plant system were developed in order to provide stim- 
ulation in proximity to the modiolus. The design 
change from the enhanced bipolar array to the en- 
hanced bipolar array with EPS sought to improve 
modiolar proximity by using static pressure gener- 
ated from the lateral wall of the cochlea to hold the 
array closer than the precurved array alone. The Hi- 
Focus electrode array differed in the orientation of 
the stimulation sites in reference to the modiolar wall. 
The HiFocus array also took advántage of pressure 


TABLE 2. PROGRAMMING LEVELS AND IMPEDANCE 


VALUES 
T-level M-level Impedance 
Implant Design (CU) (CU) (kQ) 
Enhanced bipolar 129162 459 +209 24 
(53-294) (86-933) (17-67) 
Enhanced bipolar with 97 +30 328+ 142 25 
EPS (55-152) (141-654) (19-42) 
HiFocus with EPS 73132 2671186 19 


(21-124) (68-730) (9-42) 
Data are average + SD, with range in parentheses. 


T-level — threshold programming level; M-level — most comfort- 
able loudness level; CU — clinical units. 
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Impedance (kOhm) 





Electrode 


Fig 2. Impedance values for different electrode designs. 
Diamonds — enhanced bipolar array; squares — en- 
hanced bipolar array with EPS; triangles — HiFocus ar- 
ray with EPS. Error bars indicate standard error of mean. 


generated by the EPS. 


The results from this study of 61 children using 3 
electrode designs confirm that the design objective 
of reducing current requirements for stimulation.has 
been accomplished in the clinical cochlear implant 
fitting environment. The required current levels were 
significantly lowered with the addition of the EPS to 
the enhanced bipolar array, and significantly low- 
ered again by the HiFocus electrode design. These 
trends were similar to those in previous unpublished 
reports in adults, although in this study, stimulation 
levels across electrode designs were higher (unpub- 
lished observations by M. Osberger et al, 1999 and 
2000; T. Lenarz et al, 1999; R. D. Battmer et al and 
Advanced Bionics Corporation, 1999). In another 
study reporting higher stimulation levels in children 
than in adults, this difference was presumed to be 
due to the fact that in children, maximum comfort- 
able loudness 1s set below the level of tolerance, while 
in adults, it is set below the level of comfort. In addi- 
tion, children's threshold levels may be set at mini- 
mal response levels, which may be suprathreshold.$ 


In the population studied, the preoperative diag- 
nosis of meningitis did not preclude use of the EPS. 
A similar percentage of children with meningitis were 
implanted without (16%) and with (13%) the EPS. 
Therefore, possibly increased current level require- 
ments in children with a history of meningitis would 
affect each electrode design population similarly. 
Likewise, the proportion of children whose deafness 
was congenital was similar across electrode types. 
Because of the similar ages of the children, the length 
of deafness was not a factor in this analysis. 


The clinical techniques for determining psycho- 
physical levels in children involve clinical interpre- 
tation and skill, and can be biased by the clinician 
and the subject. The clinicians who measured psycho- 
physical levels in this study were experienced pedi- 
atric audiologists who specialized in caring for chil- 


dren with cochlear implants. Until psychophysical 
testing paradigms can be implemented to reduce bias, 
such bias cannot be eliminated. The purpose of this 
study was not to compare stimulation levels across 
electrode designs by measuring them with rigorous 
psychophysical techniques. Rather, the purpose was 
to examine the levels as they are measured clinically. 


Impedance measures did not change with the use 
of the EPS with the enhanced bipolar electrode ar- 
ray. This is an expected result, as the electrode de- 
sign was identical and the same electrodes were used 
in the monopolar CIS maps. The significantly lower 
electrode impedance values found for the HiFocus 
electrode than for the enhanced bipolar arrays for 
the electrodes used in the monopolar CIS map are 
predicted by the larger surface area of the electrodes. 


The design objective of reduced current require- 
ments for cochlear implant fitting has desirable de- 
vice aesthetic, safety, and function implications. Re- 
duced power requirements will allow longer battery 
life if the battery size is held constant, or smaller 
battery size if the battery life is held constant. Either 
of these consequences benefits the cochlear implant 
user. The amount of increase in battery life will de- 
pend on the relative power usage of the stimulation 
pulses as compared to the power usage of the speech 
processor and transcutaneous signal transmission. 


Safe levels of stimulation were documented in ear- 
ly animal studies and were found to be higher than 
the current levels required for operation of the im- 
plant, given the designs that were in use at that time.7® 
Because the size of electrodes and the stimulation 
rate of the processing strategies have changed since 
these studies, caution is still warranted to continue 
to ensure safe stimulation limits. No studies have 
shown adverse effects of stimulation levels used in 
current electrode designs. Nevertheless, with respect 
to electrode surface area? and stimulation rate, low- 
er levels of stimulation involve less risk to biologi- 
cal tissue. 


Cochlear implant systems stimulate with electric 
current. As Ohm's law dictates, in order for the sys- 
tem to stimulate with the commanded amount of cur- 
rent, the device must operate within its voltage com- 
pliance limits. The upper limit of voltage compliance 
is inversely proportional to electrode impedance. If 
a cochlear implant system is operated outside of volt- 
age compliance limits, commanded increases in out- 
put current will not result in increases in supplied 
current. This mode of operation would result in ces- 
sation of the growth of loudness with increasing com- 
manded current, and current amplitude modulation 
clipping that would distort and presumably affect 


1132 Franck et al, Cochlear Implant Electrode Design 


device performance. The clinical fitting environment 
of the Clarion cochlear implant, as developed to date, 
does not allow the clinician to monitor the reaching 
of voltage compliance limits. Advances in Clarion 
cochlear implant electrode designs have resulted in 
lower stimulation levels and lower electrode imped- 
ance values. Both outcomes reduce the risk that the 
cochlear implant system is operating outside of volt- 





age compliance. 


CONCLUSION 


Design modifications for the placement of stimu- 
lating electrodes closer to the modiolus in the Ad- 
vanced Bionics Corporation's Clarion cochlear im- 
plant electrode array have resulted in reduced thresh- 
old and most comfortable stimulation levels. 
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LOCALIZATION OF GLUCOCORTICOID RECEPTORS IN THE 


MURINE INNER EAR 
TOSHIKI SHIMAZAKI, MD ISSEI ICHIMIYA, MD 
MASASHI SUZUKI, MD GORO MOGI, MD 
OITA, JAPAN 


We performed an immunohistochemical investigation of the distribution of glucocorticoid receptors (GRs) in the murine inner 
ear and found that GRs were expressed extensively, but with various degrees of immunoreactivity in different regions. We observed 
the strongest GR expression in the type III fibrocytes of the spiral ligament. Although the immunoreactivity of the cochlear hair cells 
and of the vestibular sensory epithelia was weak, the neighboring cochlear supporting cells and the subepithelial regions of the 
vestibular sensory epithelia were immunostained. Staining for GRs was also positive in the spiral ganglia and vestibular ganglia, as 
well as in the endolymphatic sac. The role of GRs in the inner ear is discussed. 


'" KEY WORDS — cochlea, endolymphatic sac, immunohistochemistry, spiral ligament, vestibule. 


INTRODUCTION 


Glucocorticoids are widely prescribed for treat- 
ment of various inner ear disorders. However, the 
detailed mechanisms of glucocorticoid action in the 
inner ear are yet to be explained. Glucocorticoids 
are believed to affect levels of various metabolic en- 
zymes and cellular proteins. They enter cells pre- 
dominantly by passive diffusion and then bind to glu- 
cocorticoid receptors (GRs).!? The GR complex sub- 
sequently enters the cell nucleus and affects protein 
synthesis. 


A number of studies have demonstrated GR ex- 
pression in the inner ear by enzyme-linked immu- 
nosorbent assay (ELISA), immunohistochemis- 
try,9? and in situ hybridization.5 However, compre- 
hensive understanding of the distribution of the GRs 
in the entire inner ear appears to be lacking. We have 
been studying inner ear immunology in mice.!0-12 
Thus, in the present study, we performed GR immu- 
nostaining in murine inner ear tissue, believing such 
a study would inform future basic study of gluco- 
corticoid therapy. 


MATERIALS AND METHODS 


Six BALB/c mice (male, 6 to 8 weeks of age) were 
used in this study. All animals were bred in specific 
pathogen-free conditions and confirmed at sacrifice 


to be free of middle ear infection. The animals were | 


deeply anesthetized with intraperitoneal pentobarbital 
sodium and perfused intracardially with physiologi- 
cal saline solution containing 0.1% heparin sodium 


followed by 1096 phosphate-buffered formalin (pH 
7.0). The inferior portion of each bulla was opened 
rapidly, the stapes was removed, and the round win- 
dow was perforated. After the temporal bones were 
immersed in the same fixative for 4 hours, they were 
decalcified iu 0.12 mol/L ethylenediaminetetraacetic 
acid (EDTA; pH 7.0) for 2 weeks at room tempera- 
ture. The EDTA solution was changed every other 
day. The tissues were dehydrated through a graded 
series of alcohols, cleared in xylene, and embedded 
in paraffin. 


Immunohistochemical Staining Procedures. Hori- 
zontal serial sections were cut at 6 Um from each 
temporal bone block, and sections from selected re- 
gions were deparaffinized, rehydrated, and exposed 
to 5% normal goat serum in phosphate-buffered sa- 
line solution (PBS), then incubated in rabbit anti- 
GR antibody (Affinity Bioreagents, Golden, Colo- 
rado) diluted 1:100 with 1% bovine serum albumin 
(BSA) in PBS. The polyclonal GR antibody is de- 
rived from rabbits that have been immunized with a 
22-amino acid (aa 346-367) synthetic peptide, the 
sequence of which is from the amino terminus of 
human GR, and it reacts with human, rat, and mouse 
GRs. The sections were rinsed in PBS and flooded 
with a 1:200 dilution of biotin-labeled goat anti-rab- 
bit immunoglobulin G (Vector Laboratories, Burlin- 
game, California) in 1% BSA-PBS. The sections 
were rinsed in PBS and incubated with Vectastain 
Elite ABC reagent (Vector Laboratories). After the 
sections were rinsed in PBS, binding sites of primary 
antibody were visualized by development in 0.05% 
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3.3 -diaminobenzidine—0.01 % hydrogen peroxide 
substrate medium in 0.1 mol/L phosphate buffer. An- 
tibody specificity was confirmed by carrying out ex- 
periments as described above in the absence of pri- 
mary antibody. 


Intensity Measurement and Statistical Analysis. 
Microscopic images were sampled with a Nexus 6800 
image processor (Kashiwagi Research Co, Tokyo, 
Japan) at 256 gradient levels. The average immuno- 
staining intensity was calculated and compared be- 
tween various inner ear regions. Statistical analyses 
were performed with the Wilcoxon signed-ranks test. 
A p level of less than .05 was considered statistically 
significant. 


This study was performed in accord with the Law 
Concerning the Protection and Control of Animals 
(law No. 105, October 1, 1973, Japan), the Standards 
Relating to the Care and Custody of Laboratory Ani- 
mals (notification No. 9, March 27, 1980, Prime Min- 
ister's Office, Japan), and the Method for Sacrific- 
ing Laboratory Animals (notification No. 40, July 4, 
1995, Prime Minister's Office, Japan). The animal 
use protocol was approved by the Committee on Ani- 
mal Experiments (CAE) of Oita Medical University 
(approval No. 9927002, May 7, 1999). 


RESULTS 


Although GRs were expressed extensively in the 
inner ear, immunoreactivity varied among the differ- 
ent regions. In the cochlea, GRs were detected in the 
lateral wall, organ of Corti, spiral limbus, and spiral 
ganglion (Fig 1). Higher-power images showed the 
strongest immunoreactivity in the cochlea in the type 
III fibrocytes of the spiral ligament (SL), which are 


^s Fig 1. Basal turn of cochlea stained for glu- 
= a JR . . : 
ae ge cocorticoid receptor (GR). GR expression 
s.t 4s is detected in lateral wall, organ of Corti, 
Fa 3 spiral limbus, and spiral ganglion. Bar — 
: "2 * LT c c 
e. 5 ah 
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located adjacent to bone in the inferior region of the 
SL (Fig 2A,D). The SL lateral to the stria vascularis 
(Fig 2A,B), in which type I fibrocytes are located, 
and the SL lateral to the spiral prominence epithe- 
lium (Fig 2A,C), in which type II fibrocytes are lo- 
cated, showed GR expression that was weaker than 
that of the type III fibrocytes. The staining intensity 
in the stria vascularis was almost the same as that in 
the part of the SL in which type I fibrocytes are lo- 
cated. In the organ of Corti, immunostaining was not 
obvious in the hair cells, although the neighboring 
supporting cells were stained (Fig 3). 


In the vestibular system, there were absolute stain- 
ing differences between the sensory epithelium and 
the subepithelial region. The GR expression in the 
sensory epithelium of the saccular macula (Fig 4A), 
utricular macula (Fig 4B), and crista ampullaris (Fig 
4C) was obscure, although subepithelial regions were 
immunostained. It also appeared that the immunore- 
activity of the subepithelial region of the crista am- 
pullaris was the strongest immunoreactivity in the 
vestibular system. Non-sensory epithelium, includ- 
ing dark cells, was also stained. The GR expression 
in the vestibular ganglion was comparable to that of 
the spiral ganglion (Fig 5A,B). 


In the endolymphatic sac (ES), GRs were stained 
in the epithelial cells in both the rugose portion (Fig 
6A,B) and the distal portion (Fig 6A,C). The subepi- 
thelial region was also immunostained. 


The average staining intensity for GRs in the in- 
ner ear is shown in Fig 7. Although the intensity var- 
ied across regions, quantitative measurement showed 
a definite staining gradient. The GR expression in 
the SL was strongest in type III fibrocytes and weak- 
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Fig 2. A) Cochlear lateral wall j 
from basal turn. Bar — 100 um. = 
B-D) High-power views of re- 

gions in which B) type I (small e 
arrow on A), C) type II (large ar- 

row on A), and D) type III (ar- 
rowhead on A) fibrocytes are lo- 

cated. Note that GR expressionis — | 
strongest in type III fibrocytes. — 
Bars on B-D — 10 um. 


est in the area in which type I fibrocytes are located, 
and the difference was significant (type III versus 
type I, p « .01; type III versus type II, p « .01; type I 
versus type II, p < .01). The immunoreactivity of the 
vestibular sensory epithelium was the weakest of that 
observed in the inner ear (versus saccular macula, p 
« .05; versus utricular macula, p « .05; versus crista 
ampullaris, p « .01). There appeared to be an inten- 
sity gradient between the subepithelial regions of the 
vestibular sensory epithelium. The immunostaining 
was strongest in the crista ampullaris, and the saccu- 
lar macula was stained more weakly than the utricu- 
lar macula (crista ampullaris versus utricular macula, 
p < .O1; crista ampullaris versus saccular macula, p 
« .01; utricular macula versus saccular macula, p « 
i 

It should be noted that the staining intensity of the 





Fig 3. High-power view of organ of Corti. Note that GR 
immunostaining in cochlear hair cells is not obvious (ar- 
row), although neighboring supporting cells are stained 
(arrowhead). Bar — 20 um. 





cochlear hair cells is not well reflected in Fig 7; the 
entire organ of Corti region, including the hair cells 
and supporting cells, was intensity-measured. The 
staining intensity of the cochlear hair cells appeared 
to be as subtle as that of the vestibular sensory epithe- 
lium, as shown in Fig 3. The staining intensity was 
not measured in the vestibular dark cells, because 
their area was too small for adequate measurement. 
We determined subjectively that the staining inten- 
sity of the vestibular non-sensory epithelium, includ- 
ing the dark cells, was comparable to that of the stria 
vascularis and the ES epithelial cells. 


DISCUSSION 


It has been shown in other tissue systems that the 
number of GRs in a glucocorticoid target tissue gov- 
erns the biological response of that tissue to gluco- 
corticoid.:!5 It is expected, therefore, that the effect 
of glucocorticoid on the heterologous inner ear tis- 
sues is directly proportional to the number of GRs. 
Although the immunohistochemical staining in our 
study was not suitable for detailed quantitative analy- 
sis, we were able through image analysis to objec- 
tively measure staining intensities. There were re- 
gions in which the intensity differed statistically, pre- 
sumably reflecting differences in the number of GRs. 


Previously, Rarey et al?^ isolated inner ear tissues 
from rats and a human and used ELISA to determine 
GR levels. The results of their studies, which showed 
the highest levels of GRs in the SL, are compatible 
with our immunohistochemical findings. Our study 
further demonstrated the strongest GR expression in 
the type III fibrocytes of the SL. 


It has recently been speculated that SL fibrocytes 
play a role in cochlear fluid and ion homeostasis. 
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This speculation is based on morphological studies 
that focused on localization of sodium-potassium- 
adenosinetriphosphatase (Na-K-ATPase)!^-!6 and the 
gap junction protein connexin 26 (Cx26).!’ The Na- 
K-ATPase in the type II fibrocytes suggests that K* 
ions are taken up from root cells into the SL fibrocytes 
and that the gap junctions among the SL fibrocytes, 
including both type I and type II cells, are the route 
by which K* ions move down the concentration gra- 
dient into the stria vascularis basal or intermediate 
cells. It is possible that the Na-K-ATPase-rich strial 
marginal cells pump the K* ions into the cells and 
that the K* ions then flow down a concentration gra- 
dient into endolymph.!* In cochleas with experimen- 
tally induced endolymphatic hydrops,!? labyrinthi- 
tis,?? or pneumococcal otitis media,!° Cx26 immuno- 
staining was reduced in the type I or type II fibro- 
cytes.!? These findings suggest that the SL fibrocytes 





are involved in certain inner ear disorders. The pres- 
ence of GRs in the SL fibrocytes that we observed 
suggests that glucocorticoid could be effective in 
treating such disorders. 


We were able to show that GR expression was not 
prominent in the cochlear hair cells, although neigh- 
boring supporting cells in the organ of Corti were 
positive for GR. This finding suggests that glucocor- 
ticoid treatment does not directly affect the cochlear 
sensory cells. Similarly, vestibular sensory cells are 
not likely to be direct targets of glucocorticoid, since 
the immunoreactivity of the vestibular sensory epi- 
thelium also appeared subtle, despite the positive GR 
staining of the subepithelial regions. 


According to one of the ELISA studies by Rarey 
et al,’ rat inner ear tissues have more abundant GRs 
in the cochlea than in the vestibule. Rarey et al hy- 





T 


Fig 5. A) Spiral ganglion and B) vestibular ganglion, which show comparable immunostaining for GR. Bars — 20 um. 
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Fig 6. A) GR expression in endo- 
Iymphatic sac. GRs were immu- 
nostained in both rugose portion 
(arrow) and distal portion (arrow- 
head). Bar — 100 um. B,C) High- 
power views of B) rugose portion 
and C) distal portion. Bars in B 
and C — 10 um. 


pothesized that cochlear tissues are more biologically 
responsive to circulating glucocorticoid than are tis- 
sues of the vestibular membranous labyrinth. How- 
ever, our study showed that GR expression was low 
in both the cochlear hair cells and the vestibular sen- 
sory epithelia and that the GRs stained as strongly in 
the vestibular ganglia as in the spiral ganglia — a 
finding that makes it reasonable to speculate that 
these two counterparts of the cochlea and the vesti- 
bule are comparably responsive to circulating gluco- 
corticoid. Since type III fibrocytes of the SL have 
the strongest GR expression, one can speculate that 
they are the most biologically responsive to gluco- 
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Fig 7. Average immunostaining intensity for GRs in in- 
ner ear. Intensity in spiral ligament type III fibrocytes is 
presented as 100%. I — type I fibrocyte region; H — 
type II fibrocyte region; III — type III fibrocyte region; 
E — epithelial region; S — subepithelial region. 





corticoid. The functional role of the type III fibrocytes 
is not known, and it needs to be clarified. 


Unlike the function of the cochlear fibrocytes, the 
functional significance of the vestibular fibrocytes 
is not clear.?! However, the GR immunostaining pat- 
tern we observed in the vestibule is interesting in 
light of the results of the ELISA study by Rarey and 
Curtis.4 They examined human inner ear tissue and 
reported that the crista ampullaris contained promi- 
nent levels of GR and that the GR levels of the sac- 
cular macula were low. Our study showed a similar 
intensity gradient among subepithelial regions of the 
vestibular sensory epithelium. The presence of GRs 
in a specialized region might reflect the differenti- 
ated function of the subepithelial region of the vesti- 
bule. 


It has also been shown by ELISA that GRs are 
expressed in the ES,^ and our immunohistochemical 
findings confirmed their presence. We have further 
demonstrated that GRs are expressed in both the epi- 
thelial and subepithelial regions of the ES. The epi- 
thelial cells in rugose and distal ES portions are re- 
ported to be Na-K-ATPase-immunopositive, but less 
so than stria vascularis cells, and ES epithelial cells 
are also reported to be positive for calcium-adeno- 
sinetriphosphatase (Ca-ATPase) and calcium-bind- 
ing proteins.!? Although our study showed that the 
ES and the stria vascularis are similar in terms of 
GR expression, the lower levels of Na-K-ATPase and 
the coexistence of Ca-ATPase and calcium-binding 
proteins in the ES epithelial cells indicate that these 
cells have a distinctive role in ion transport that dif- 
fers from that of the cells of the stria vascularis. A 
possible immunologic role for the ES has also been 
reported. Using secondary keyhole limpet hemocya- 
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nin challenge in the ES, Tomiyama?? induced endo- 
lymphatic hydrops in guinea pigs and concluded that 
endolymphatic hydrops is induced by the immune 
response of the ES. Furthermore, a study of a patient 
with active Meniere's disease?? showed signs of fo- 
cal inflammation with intraepithelial invasion by 
mononuclear cells in the ES. If such “endolymphatic 
sacitis" is related to the pathogenesis of Meniere's 
disease, GR expression in the ES could explain the 
effectiveness of glucocorticoid therapy.in patients 


with this disorder. 


CONCLUSION 


We demonstrated that GR expression is heteroge- 
neous in the inner ear. We conclude that glucocorti- 
coid should have different effects in the different re- 
gions of the inner ear and that precise determination 
of the impaired regions in various inner ear disor- 
ders might make it possible to refine the indications 
for glucocorticoid therapy. 
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During recent years, the Internet has evolved into the largest computer network in the world, allowing access to vast amounts of 
information and services. Medical information is increasingly available to both patients and professionals, and ever more biomedical 
resources are becoming available on-line to assist in research, clinical medicine, and education. The Internet has always provided 
useful resources to otolaryngologists, implemented at various academic departments and national organizations or by specialists or 
specific medical web sites offering technical, scientific, and biomedical information. The purpose of this article is to provide as 
complete a list as possible of the World Wide Web sites accessible through the Internet that are of interest to otolaryngologists. It 
summarizes different types of resources available, including educational material, audiology sites, outcomes research, discussion 
lists, research laboratories, publications, medical libraries, news and medical conferences, organizations, academic departments, 
otolaryngological and medical resources, medical and surgical equipment and suppliers, and miscellaneous other sites of interest to 
otolaryngologists. This review is intended to present the wealth of the accessible information on the Internet and to promote the use 


of the network to otolaryngologists who do not have extensive experience in computers or telecommunications. 


KEY WORDS — computer communication networks, Internet, otolaryngology. 


During recent years, the Internet has expanded 
from being a tool of the scientific community and 
computer experts to become the most-promoted and 
most rapidly growing worldwide technology.! Elec- 
tronic mail is used by millions of people connected 
to the Internet because of its inherent advantages ver- 
sus surface mail, including immediate transmission 
and the ability to transfer computer files including 
images and sound. The World Wide Web, the other 
most common use of the Internet, 1s a universal net- 
work in which many governments, nonprofit organi- 
zations, corporations, companies, scientific institu- 
tions, and universities, as well as individuals, main- 
tain home pages including text and other media. All 
of these home pages are connected through links to 
other sites with relevant content, which in turn are 
connected to more sites, creating thus a vast network 
interconnected by multiple links and known as the 
World Wide Web. Communication among people 
around the world may be performed on the Internet, 
either through immediate conversation or through 
mailing lists and discussion groups about specific 
topics.? The usefulness of this possibility in the field 
of medicine is obvious, since specialists and general 
practitioners may communicate with experts from 


various countries and obtain information about diag- 


nostic and therapeutic issues. Furthermore, voice and 
image transfer is made possible by modern multime- 
dia technology, and video conferences may be held. 


Tbe Internet has always provided useful resources 
to otolaryngologists, but in recent years the breadth, 
content, and scope of the Internet-based resources 
have increased remarkably.*7 Many academic de- 
partments, otolaryngology associations, scientific 
journals, research laboratories, medical libraries, and 
otolaryngologists maintain interesting sites with 
information about their activities on the World Wide 
Web.8-11 Sites useful to specialists and patients may 
be found on the Web, providing educational material, 
statistical data, and all of the modern developments 
in this specialty.!? Literature searching in medical 
literature databases such as Medline, a database main- 
tained by the National Library of Medicine in the 
United States, is a Web-based free service called Pub- 
Med and is one of the main reasons that most physi- 
cians use the Internet.!? Furthermore, mailing lists 
on specific topics or subspecialties of otolaryngology 
are maintained by various moderators,!^!5 and useful 
commercial sites of medical and surgical equipment 
are available. 


Despite the modern computer and telecommuni- 
cations technology used, the Internet presents nev- 
ertheless some definite disadvantages. The first is 
reduced security in the process of transferring data 
between various sites, which poses special ethical 
and legal issues regarding management of patients' 
data. Of course, an elementary level of security al- 
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ready exists, but violation will still be possible until 
advanced encryption algorithms are available. The 
second disadvantage is the slow transfer rate of data 
such as graphics, video images, and voice. This trans- 
fer is expected to be improved in the near future by 
increased bandwidth of communication channels be- 
tween Internet providers and users and by new satel- 
lite technology. Finally, the vast amount of data 
available on the World Wide Web makes navigation 
across the relevant sites and searching of information 
about a topic quite difficult. This problem may be con- 
fronted by using the search engines freely available 
on the Internet, but the obtained information is quite 
often inaccurate and may contain many useless links. 
On the other hand, some interesting sites on the Web 
cannot be easily accessed. One possible solution is 
following the links from one site to other relevant sites 
in order to find the necessary information, but this is 
a time-consuming process. Another way is visiting 
special sites on the World Wide Web, including long 
lists of otolaryngology sites such as those maintained 
by some academic departments, but many of them 
are incomplete, contain old links that do not respond 
anymore, or do not include a universally oriented list, 
but rather, emphasize local resources. Since many in- 
teresting otolaryngology sites exist all over the world, 
the aim of this report is to present an exhaustive list 
of these resources by updating and completing previ- 
ously published lists.!6?? The sites are classified in 
order to assist the physician in finding immediately 
the necessary information, instead of navigating across 
various links offered by on-line search engines. An- 
other aim of this report is to display the wealth of 
information of interest to otolaryngologists that is 
available on the Internet, in order to promote use of 
the Internet by otolaryngology specialists who are not 
experienced in use of the medium. 


The uniform resource locator (URL) addresses of 
all of the otolaryngology sites on the Internet have 
been found and were subdivided into categories. 
However, the reader should be aware that the ad- 
dresses of web sites can sometimes change without 
notice, or a site might be temporarily or permanently 
not responding, possibly because of a lack of funds. 
The main categories we have used are educational 
material, audiology sites, outcomes research, discus- 
sions, research laboratories, publications, medical li- 
braries, news and medical conferences, organizations, 
academic departments, otolaryngology and medical 
resources, medical and surgical equipment and sup- 
pliers, and, finally, miscellaneous other sites of inter- 
est to otolaryngologists (see Table). Most information 
was collected by navigating across the Internet, start- 
ing from sites containing lists of otolaryngology sites 
and further accessing these sites and the various links 


connected to them. Each site was visited at least twice 
during the past year in order to confirm that it was 
active and responding properly. Nonresponding links 
were excluded from our lists. Special effort was taken 
to include all relevant sites and to compose a com- 
plete, universal list that presents all of the information 
on the Internet of interest to otolaryngologists. 


The Ist category of URL addresses is that of edu- 
cational sites, divided into patient education (69 sites). 
general otolaryngology (47 sites), otology-neurotol- 
ogy (59 sites), rhinology (93 sites), laryngology (10 
sites), voice disorders (18 sites), pediatric otolaryn- 
gology (17 sites), facial plastic and reconstructive sur- 
gery (9 sites), head and neck cancer (14 sites), and 
pathology and imaging sites (40 sites). The section 
on rhinology is subdivided into 5 parts: allergy, chem- 
ical senses, endoscopy and operative techniques, rhi- 
nologic clinics and research centers, and miscellane- 
ous rhinology sites. The 2nd category includes audi- 
ology links, which are divided into 3 main subcate- 
gories, the Ist including audiological scientific socie- 
ties and support organizations (52 sites), the 2nd in- 
cluding audiology centers (88 sites), and the 3rd con- 
sisting of miscellaneous audiology sites (207 sites) 
such as acoustics, audiology resources, cochlear im- 
plants, hearing loss and deafness resources, hearing 
aids, newborn hearing screening, noise-induced hear- 
ing loss, otoacoustic emissions, speech, tinnitus, ves- 
tibular diseases, and various other sites. 


The 3rd category includes outcomes research sites 
(18 sites), either sites of general medical interest or 
specific otolaryngology sites, and the 4th category 
includes discussion groups and mailing lists about 
specific topics in otolaryngology (50 sites) main- 
tained by specialists in each subject. The 5th category 
includes research laboratories (154 sites), mainly ac- 
tive in cochlear and vestibular research, but some 
others involved in acoustics and other interesting 
fields of research are also included, either affiliated 
with universities or not. Besides these specialized 
laboratories, some other institutes of patient care and 
education are included as well. The 6th category con- 
sists of 2 separate groups. The Ist (108 sites) includes 
the sites of otolaryngology journals and some other 
medical journals of general medical interest. The 2nd 
group (24 sites) includes publishing companies that 
specialize in otolaryngology books, journals, and CD- 
ROMs. 


The 7th category includes selected home pages of 
medical libraries and some collective library links 
(80 sites). The 8th category includes sites on otolaryn- 
gology news and medical conferences (20 sites). The 
9th category includes the sites of professional socie- 
ties, organizations, and associations (171 sites). They 
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INTERNET RESOURCES AVAILABLE TO OTOLARYNGOLOGISTS* 


Main Categories 
Education links 


Subcategories 


Patient education 

General otolaryngology 

Otology-neurotology 

Rhinology (allergy, chemical senses, endoscopy—operative techniques, rhinologic 
clinics and research centers, various) 

Laryngology 

Voice disorders 

Pediatric otolaryngology 

Facial plastic and reconstructive surgery 

Head and neck cancer 


Pathology images 
Audiology Scientific societies and support organizations 
Audiology centers 
Miscellaneous (acoustics, audiology resources, cochlear implants, hearing loss— 
deafness, hearing aids, newborn hearing screening, noise-induced hearing loss, 
| otoacoustic emissions, speech, tinnitus, vestibular diseases, various) 
Outcomes research General 
Otolaryngological 
Discussion and Usenet groups 
Research laboratories 
Publications Journals 


Medical publishing companies 


Medical libraries 
News and medical conferences 
Organizations and societies 


American otolaryngological societies 


International otolaryngological societies 
Other organizations 
Support organizations 


Universities and academic programs 


United States, Canada, Scandinavia, Germany, United Kingdom, Italy, other 


European countries, Japan, other countries of Asia, Australia, South America 


Otolaryngology resources 
Other medical resources 
Medical and surgical equipment and suppliers 
Miscellaneous 
*Full listings available at http://www.annals.com/resources 


are classified into 4 groups, the 1st including Amer- 
ican sites, the 2nd the international ones, and the 3rd 
including organizations with an emphasis on topics 
of general interest to otolaryngologists, such as sleep 
research, thvroid disorders, and acoustics. The 4th 
group includes support organizations. 


The 10th category includes academic departments 
of otolaryngology, classified according to their loca- 
tion (245 sites). The subgroups include the United 
States, Canada, Scandinavia, Germany, the United 
Kingdom, Italy, other European countries, Japan, oth- 
er countries of Asia, Australia, and South America. 
The 11th and 12th categories include otolaryngology 
resource lists (50 sites) and general medical resources 
(40 sites), respectively. The 13th category includes 
the sites of suppliers of medical and surgical equip- 
ment and hearing aids and various other companies 
(101 sites). Finally, the 14th category contains miscel- 
laneous links (25 sites) of interest to otolaryngolo- 


gists. 


The educational sites are perhaps the most interest- 
ing of the otolaryngology resources. Some of them 
are for patients, who may quickly obtain the latest 
information on late-breaking research, therapeutic 
modalities, support groups, and individual coping 
strategies. Most of the other links are professional 
sites with valuable information on otolaryngology 
topics. Insights into various otolaryngological dis- 
eases are offered, and interesting sites about temporal 
bone dissection, digital anatomy, surgical videos, 3- 
dimensional images, and computer applications cover 
all aspects of the specialty, using advanced multime- 
dia technology. Some topics of other specialties, but 
of interestto:the otolaryngologist, such as plastic sur- 
gery, neurology; and neurosurgery, are also included. 


Audiology links include information about most 
organizations, societies, and associations worldwide. 
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The information provided on such web sites is usually 
a brief history of the organization, information about 
membership, announcements of meetings and con- 
ferences sponsored by the organization, a directory 
of members and board members, and, sometimes, 
interesting educational information and links to rele- 
vant sites. Audiology centers and institutes active in 
research in the field of hearing and vestibular func- 
tion, as well as clinical centers for patient care, diag- 
nosis, and treatment, are also included. Finally, vari- 
ous sites on audiology topics are listed, with interest- 
ing information about all modern developments in 
audiology, such as cochlear implants and digital hear- 
ing aids, deaf resources, research issues, medicolegal 
databases about noise pollution, speech links, and 
tinnitus and vertigo resources, with special sites about 
Meniere's disease. Many sites from the modern fields 
of otoacoustic emissions and newborn hearing screen- 
ing programs are also included. 


Outcomes research sites are mainly based in the 
United States and contain useful information about 
projects in progress on common otolaryngo ogical 
disorders, but some other sites of general medical 
interest are also included. Discussion groups and 
mailing lists maintained by various specialists or aca- 
demic departments offer valuable information to oth- 
er professionals or patients about common diseases. 
These sites can aid in interaction between the refer- 
ring and consulting physicians and in medical educa- 
tion. Besides the English sites, some German, Italian, 
French, and Spanish sites are included as well. 


Laboratories active in research, either affiliated 
with universities or not, are included, presenting usu- 
ally their activities and their past and present projects. 
The main fields of research include hearing and ves- 
tibular function, acoustics, cochlear implan:s and 
newer technologies, simulation projects, genetics, 
psychoacoustics, computer applications, and neuro- 
sciences. 


Most otolaryngology journals are represented well 
on the Internet by sites including information about 
the publishing companies, instructions to authcrs, in- 
formation for subscribers, and prices. Abstracts and 
lists of contents of all of the past issues are usually 
included, and in a few cases, full-text articles accom- 
panied by color images, graphics, and videos may 
be obtained. A few purely on-line journals are also 
presented, and some journals of general medical in- 
terest are included as well. Publishing companies that 
specialize in otolaryngology products present infor- 
mation about textbooks, CD-ROMs, and other educa- 
tional material with on-line catalogs. On-line orders 
by e-mail are usually possible, and new editions are 
announced and may even be ordered in advance. 


Medical libraries all over the world maintain sites 
in which information about their services is included, 
as well as lists of their books and medical journals. 
Because of the large number of relevant sites, only 
several selected sites are included here. The section 
on otolaryngology news and conferences has few 
sites, but may be very useful to busy professionals, 
since new developments in the specialty are summa- 
rized and information is given about upcoming medi- 
cal conferences, congresses, and seminars. 


The group of professional and support organiza- 
tions, societies, and associations includes many web 
sites with information about the objectives and rules 
of the organization, announcements, educational ma- 
terial, and membership information. Most of these 
organizations are located in the United States, but 
many others across the world are represented by ex- 
cellent web sites. Valuable information also may be 
obtained by the otolaryngologist, not only from the 
strictly otolaryngological organizations, but from oth- 
ers concerned with associated topics, such as sleep 
research, thyroid disorders, computerscience, and oth- 
er medical specialties, including plastic surgery, gen- 
eral surgery, pediatrics, and pathology. Sites of sup- 
port organizations, addressed mainly to patients, are 
an excellent source of information about various dis- 
eases, with head and neck cancer possessing a prom- 
inent place among them. 


Academic departments of otolaryngology from all 
the continents, but again with the main contribution 
from the United States, are represented with mostly 
excellent web sites as part of the home page of the 
university. The information provided includes faculty 
profiles and directories, residency and educational 
programs, postgraduate courses, clinical activities 
and research projects, seminars and conferences, and 
general information about the city and state of the 
university's location. Finally, in many sites, topics 
of broad interest, such as handbooks, databases, spe- 
cific otolaryngology topics, and links to other sites 
are included. 


Collective lists of otolaryngology and other medi- 
cal resources on the Internet are presented separately, 
and some of them are a good start for navigation by 
using the links of each site. However, most of them 
are very short, and some excellent otolaryngology 
sites are omitted. Many of the lists have not been re- 
vised during recent months or years, and include sites 
that no longer exist or whose URLs have changed. 


Another group of interest to the professional is the 
list of sites of medical and surgical equipment and 
suppliers. These are located mainly in the United 
States and Europe, providing on-line catalogs, in- 
formation about each product, and on-line technical 
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assistance and other services. All the major compa- 
nies that provide surgical and laboratory equipment, 
hearing aids, cochlear implants, and other relevant 
products are represented on the Internet. 


Finally, miscellaneous links of interest to otolar- 
yngologists or patients are presented, such as lists of 
specialists in various regions, medical information, 
and databases. À special mention must be given to 
PubMed, a free service available on the Internet from 
various web sites, providing the option of literature 
searching of the journals indexed in the National Li- 
brary of Medicine by using various keys, such as the 
author's name, the title, the subject, the journal, or 


key words. 


In conclusion, otolaryngology resources on the In- 
ternet have greatly expanded during recent years, and 
the aim of this report is to present the wealth of the 
available information to otolaryngology specialists 
who are not quite familiar with this medium and fur- 
thermore, to promote the usefulness of the Internet. 
It was intended, also, to assist professionals to locate 
any information easily on the World Wide Web, and 
for that reason an exhaustive list of all web sites of 
interest to otolaryngologists is presented on the web 
site of this journal,*! the main categories of which 
appear in the Table presented here. 
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BOOK REVIEWS 


Minimally Invasive Surgery of the Head, Neck, and 
Cranial Base 


Phillip A. Wackym, Dale H. Rice, and Steven D. Schaefer, 
editors. Hard cover, illustrated, indexed, 576 pages, 2001. 
Lippincott Williams & Wilkins, Philadelphia, Pa, $225. 


Purpose: To provide a comprehensive book that addresses the 
advances, advantages, and limitations of endoscopic techniques 
in all aspects of otolaryngology—head and neck surgery. 


Contents: There are 67 contributing authors who have written 
45 chapters. The book is divided into 5 sections ranging from 
general principles (optics, digital image processing, stereotactic 
surgery, and lasers) to subspecialty applications of endoscopic 
techniques. Some of the subspecialties have included extensive 
anatomic and physiological discussions. 


Attributes and Limitations: Endoscopic anatomy simply de- 
scribes known anatomic details observed under different view- 
ing conditions. Structures seen through the scope are viewed at 
an angle different from that of the operating microscope. As a 
result, the relative sizes of the structures seen through an 
endoscope and a microscope are different. Structures already 
passed by the front lens lie outside its field of view and, par- 
ticularly with flexible scopes, are no longer seen. 


True endoscopic surgery with improved existing instruments 
and newly developed technologies, eg, lasers for cutting and 
drilling, is presented in this well-written and color-illustrated 
volume. Most of the authors give a very comprehensive cover- 
age to all aspects of the subject, especially operative techniques. 


If the book had focused on the detailed methods of techniques 
of endoscopy in the practice of otolaryngology-head and neck 
surgery, it would have been a unique volume. Instead, a run of 
75 continuous pages of anatomy, pathophysiology of paranasal 
sinuses, and imaging techniques gives information that is found 
in other sources and not necessary herein. The intraoperative 
color endoscopic photographs, gray-scale photographs, patient 
positioning, and equipment photographs, along with interspers- 
ing of historical perspectives, provide accessibility to delightful 
reading. 


Applicability: The endoscope augments rather than replaces 
the binocular microscope. This philosophy is emphasized in the 
book. In the ear, it allows the surgeon to see around corners, as 
in the sinus tympani and the anterior extension of the epitym- 
panum. A financial and time investment to learn its applications 
is necessary. This book is of great value to those who want to 
broaden their technique. 
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Otolaryngology: The Essentials 


Allen M. Seiden, Thomas A. Tami, Myles M. Pensak, Robin 
T. Cotton, and Jack L. Gluckman, editors. Soft cover, illus- 
trated, indexed, 700 pages, 2001. Thieme, New York, NY, 
$69. 


Purpose: To provide basic science and clinical information in 
such a fashion that the reader may remember or retain the 
essential information. Most sections put emphasis on the read- 
ing of the text, offering unique features such as shaded rectan- 
gles (pearls) and boxed areas (controversies) to enliven and 
increase appreciation of the information. Also set off are "spe- 
cial considerations" (special information for additional empha- 
sis) and "pitfalls" (pointing out potentially misleading informa- 
tion and situations that might lead to incorrect diagnosis). 


Contents: All anatomic sites of the ear, nose, throat, head, and 
neck are included, along with sections on skin lesions, flap re- 
construction, syndromes and eponyms, and aesthetic surgery of 
the face. 


Attributes: The authors have presented a concise review of the 
majority of clinically significant information. The highlighted 
vignettes within the body of the text draw additional attention to 
important points that would be possibly overlooked or buried in 
a more cumbersome text. 


Limitations: Connections made between anatomic sites, clini- 
cal test results, and diagnoses viaaclear explanation of the phys- 
iology involved are, at best, incomplete. For example, the im- 
portance of the role of outer hair cells in audition and the diag- 
nostic use of otoacoustic emissions are not afforded sufficient 
attention. Also, the related subject of auditory dyssynchrony 
(neuropathy) is entirely omitted. (This subject is commonly re- 
ferred to in the literature today.) 


Applicability: This text is a fitting review source for otolar- 
yngologists, residents, or any clinician involved in the specialty 
with an interest in quick access to clinically applicable infor- 
mation. This is not an in-depth book, yet it provides the young 
otolaryngologist essential basic information in such a way that 
it may be retained. 
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DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Abbey K, 193 

Abdolell M, suppl 189:102 
Abe S, 460 

Ablett M, 1050 

Abraham MT, 667 
Admiraal RIC, 267 

Albers FWJ, 200, 364 
Alberti F, 794 

Almqvist B, 407 

Alper CM, suppl 188:26, 36 
Anand VT, 50 

Andalibi A, suppl 188:36 
Andersen PE, 285 
Anderson RR, 486 
Angelard B, 763 
Applebaum EL, 954 (memorial) 
Arcaroli J, suppl 189:56 
Archer S, 174 

Arndt P, suppl 189:56 
Artuso A, 657 

Asaka Y, 376 

Asal K, 96 

Aslan A, 704 

Aslan I, 772, 1021 

Ayache D, 653 


Baatenburg de Jong RJ, 1015 

Baba S, 1054 

Bains MS, 667 

Bakaletz LO, suppl 188:36, 52, 62, 82 

Balaban CD, 255, 530, 722, 832, 926, 
1045 

Balatsouras DG, 68, 1139 

Barbieri M, 587 

Barenkamp SJ, suppl 188:62, 82 

Barker EJ, suppl 189:97 

Barki G, 27 

Barzan L, 794 

Baserer N, 772, 1021 

Bass-Ringdahl S, suppl 189:52 

Bassot V, 315 

Bauman NM, 875, 957, 1066 

Becker DP, 778 

Becker M, 27 

Beleites E, 821 

Bellas C, 210 

Bellussi L, suppl 188:95 
(correspondent) 

Belmont M, 696 

Benjamin B, 603 

Bergler W, 222 

Berke GS, 956 (letter to editor) 

Berkowitz RG, 197 

Berman S, suppl 188:102 

Bernáldez R, 169 

Bernstein JM, 696 

Berrettini S, 385 

Bertholon P, 799 

Bhattacharyya N, 672, 983 

Biliciler N, 772 

Billante CR, 328, 500 

Birchler MT, 1087 

Blamey PJ, suppl 189:119 

Bless DM, 661, 861, 884, 962 


ANNUAL INDEX 
AUTHORS 


Blitzer A, 291 

Blomstedt G, 392 

Bluestone CD, suppl 188(ed):6 
(introduction), 8, 26, 102 

Boothroyd A, suppl 189:79 

Boothroyd-Turner D, suppl 189:79 

Bouchard S, 295 

Bourgain J-L, 115 

Bouzerar K, 653 

Bovin NV, 1097 

Brackmann DE, 507 

Brandon CA, 120 

Brasnu D, 204, 315 

Brenner C, suppl 189:127 

Briggs RJS, suppl 189:22 

Broniatowski M, 542 

Brook I, 430, 1002 

Bruel M, 1026 

Buchman C, suppl 188:26, 36 

Bunne M, suppl 188:26 

Bunting GW, suppl 190:3 

Burningham AR, 285 

Busby PA, suppl 189:119 

Busscher HJ, 200 


Camboulives J, 1076 

Canalis RF, 778 

Cashman S, 977 

Casselbrant ML, suppl 188(ed):6 
(introduction), 19, 95, 102, 397 

Cayé-Thomasen P, suppl 188:36 

Chaigneau-Debono G, 1026 

Chalian A, 1 

Chan RW, 83, 884 

Charles B, 745 

Chen Y-S, 842 

Chen W, 284 (letter to editor) 

Chen W-X, 93 

Chen Z, 8 

Chi F-L, 323 

Choi JO, 135 

Chonmaitree T, suppl 188:62, 102 

Choo DI, 850 

Chun Y-M, 507 

Chung S, 281 

Cichero JAY, 623 

Clark GM, supp! 189:97, 119 

Cleary M, suppl 189:91, 113 

Clement WA, 1050 

Cochran CS, 1005 

Cohen JI, 285, 477 

Cohen-Kerem R, 149 

Collet L, 1008 

Colosimo C, 657 

Connor NP, 579, 684, 861, 962 

Cornelisse CJ, 1015 

Corsten G, 197 

Cosset M-F, 115. 

Cotton RT, 57 

Coucke PJ, 267 

Courey MS, 328, 500 

Cremers CWRJ, 267, 639 

Crombleholme TM, 295 

Cui P-C, 93 


1145 


Ann Otol Rhinol Laryngol 111:2002 


Dai C-F, 323 

Dallari 5, 701 

Daly KA, suppl 188:19 

Damm M, 972 

Damrose EJ, 956 (letter to editor) 

Danguy A, 1097 

Dan O, 455, 1120 

Danielson SK, 573 

Danner C, 1040 

Davis RK, 302 

Dejonckere PH, 902 

Delbrouck C, 1097 

De Leenheer EMR, 267, 639 

DeMaria TF, suppl 188:62 

de Minteguiaga C, 817 

Dempster JH, 1050 

Desloge R, suppl 190:21 

Dessoffy R, 542 

Dettman SJ, suppl 189:97 

Dhooge I, suppl 188:95 

Dillier N, 407 j 

Dillon C, suppl 189:91 

Dimitrijevic A, suppl 189:16 

Di Rienzo L, 657 

Disant F, 27 

Djalilian HR, 890 

Dobie RA, suppl 188:7 
(special remarks) 

Doi K, 836, 916 

Dolitsky JN, 642 

Dooley P, 1 

Dorman M, suppl 189:38 

Dornhoffer JL, 1040 

Doweck I, 149 

Dowell RC, suppl 189:97 

Downey RJ, 667 

Downs MP, suppl 188:95 

Doyle PB, suppl 190:21 

Doyle WJ, suppl 188:26 

Dryja D, 696 

Duce MN, 100 

Dulguerov P, 27 


Ebinger KA, suppl 189:42 
Eckel HE, 493, 972 
Economou C, 68, 1139 
Edmondson DM, suppl 189:74 
Eisenberg LS, suppl 189(ed):6 
Elbaz P, 653 i 

El-Hakim H, suppl 189:102 
Eliashar R, 464 

Elmalah I, 149 

Elving GJ, 200 

Emery KH, 281 

Ende K, 759 

Erdag TK, 565 (letter) 
Erdamar B, 447 

Eskola J, suppl 188:82 

Everts EC, 285 

Ezra Y, 464 


Faas M, 633 
Faden HS, 696 
Farinelli WA, 486 


1146 


Fears B, suppl 189:69 
Feenstra L, 933 

Felding JU, suppl 188:26 
Ferekidis E, 1139 

Ferrari I, 229 

Filippich L, 745 

Fogué L, 210 


Ford CN, 302, 661, 684, 861, 884, 962 


Forli F, 385 

Fradis M, 190 

Franck KH, 1128 
Franco RA, 486; suppl 190:3 
Franz DC, suppl 189:66 
Fresno MF, 751 

Friberg U, 237 
Friedrich G, 493 

Fritz MA, 1120 

Frohne C, 407 

Fujishiro Y, 193 
Furukawa M, 518, 1112 


Gabius H-J, 1097 

Gacek MR, 103 

Gacek RR, 103 

Gallego S, 1008 

Garcia D, 204 

García Berrocal JR, 989 

García-Pallarés M, 169 

Garrett CG, 471 

Gastón F, 466 

Gates GA, suppl 188:8 
(correspondent) 

Gavilán J, 169 

Geers A, suppl 189:127 

Geertsema AA, 142, 333 

Gehtler I, suppl 189:85 

Gfeller K, 349 

Ghazi Hosseini E, 902 

Ghidini A, 701 

Giebink GS, suppl 188:82, 102 

Giguére CM, 1066 

Gilden JE, suppl 189:42 

Giovanni A, 36 

Gomez-Marin O, 912 

Gomori JM, 464 

Gong S-S, 275 

Gordon KA, suppl 189:32, 42 

Górür K, 100 . 

Gottardo C, 811 

Gótte K, 222 

Gould J, 1081 

Graham I, 1050 

Gravel JS, suppl 188:95 

Gray SD, 8, 302 

Green B, suppl 188:82 

Greenberg E, 149 

Grénman R, 939 

Grote JJ, suppl 188:102 

Grundfest-Broniatowski S, 542 

Gu X-X, suppl 188:82; 919 

Gueret G, 115 

Guler C, 704 

Guys JM, 1076 

Gyo K, 616 


Hafiz G, 772 


Haginomori S, 255, 397, 722, 926 


Hague K, 754 
Hamada M, 128 


Index 


Hammes DM, suppl 189:74 
Hamoir M, 165  - 

Han JK, 968 

Hans S, 204 

Hara A, 44, 376 ` 

Harada T, suppi 188:82 
Harris JP, 246 


Harrison RV, suppl 189:32, 102 


Hartnick CJ, 57, 281 

Haruta A, 415 

Hashiba M, 1054 

Hassid S, 1097 

Hato N, 616 

Hattori T, 998 

Haug M Ill, 455 

Haydon R, 174 

Healy GB, 828 

Hebda PA, suppl 188:26 
Heikkinen T, suppl 188:62, 82 
Heisey DM, 579 

Helidonis ES, 553 

Hellstrom SOM, suppl 188:36 
Hembree A, 291 

Herlyn M, 295 

Herman P, suppl 188:36; 817 
Hermans J, 1015 
Hermansson A, suppl 188:36 
Hergils L, suppl 188:26 
Hidaka A, 855 

Hildesheimer M, suppl 189:85 
Hill K, suppl 189:97 
Hillman RE, suppl 190:3, 21 
Hirano M, 15 

Hirano S, 661, 789 

Hirsch BE, 609, 1059 

Ho Y-J, 77 

Hoffman HJ, supp! 188:19 
Holt PG, 567 

Honda H, 160 

Honda N, 616 

Honjo I, suppl 188:26 
Hórmann K, 222 

Horton MJ, 120 

Hoshino T, 718 

Hosoda S, 1116 

Hsaio T-Y, 537 

Hsieh J-F, 77 

Hsu C-J, 842 

Hsu C-Y, 155 

Huizing EH, 639 

Hurst DS, suppl 188:62 
Hussl B, suppl 188:36 
Huygen PLM, 267, 639 


Ichimiya I, 1133 

Ichimura K, 909 

Igawa H, 357 

Iino Y, suppl 188:36 

Ileri F, 96 

Imamura S, 160 

Inagi K, 861, 962 

Inal E, 96 

Ingvarsson LB, suppl 188:19 
(correspondent), 102 

Irifune M, 916 

Ishibashi T, 947 

Ishijima K, 530, 832 

Ishimaru T, 518 


Ishimoto S, 558, 909, 947 
Isshiki N, 680 

Ito J, 789 

Ito K, 558 

Ito Z, 44, 376 

Iwai M, 128 

Iwasaki S, 193, 718 


Jaakkola JJK, 1034 
Jackler RK, 860 (letter to editor) 
Jacobs IN, 295 


Jacobson AE, 102, 1144 (book reviews) 


Jang T-J, 61 

Jaradeh SS, 573 

Jecker P, 567 

Jiang R-S, 155 

Jin S, 919 

Johansson R, 939 

John MS, suppl 189:16 
Joki-Erkkilà V-P, 80 
Juhn SK, suppl 188:52 
Jung TTK, suppl 188:36, 52; 402 
Junquera LM, 751 
Jusczyk PW, suppl 189:11 


Kääriäinen J, 80 

Kaberos A, 68, 1139 

Kaga K, 83 

Kaitila I, 939 

Kakigi A, 128 

Kalm O, 261 

Kaltner H, 1097 

Kandiloros D, 68, 1139 

Kanemaru S, 661 ` 

Kanoh N, 323 

Kao C-H, 77 

Karatay MC, 447 

Karma P, suppl 188:82, 95 
(correspondent) 

Kass ES, 759 

Katircioglu OS, 447 

Kavanagh K, 382 

Kawano H, 415 . 

Kawauchi H, suppl 188:36, 62 

Kempen PA, 902 

Kenmochi M, 423, 1092 

Kepnes LJ, 983 

Kerrou K, 763 

Kersing W, 902 

Kikuchi H, 423 

Killen DH, 802 

Kim JE, 135 

Kim Y, 415 

Kimberling WJ, 1108 

Kimura M, 558 

King TA, 890 

King WA, 754 

Kinoshita H, 423, 1092 

Kirk KI, suppl 189:69 

Kisaki H, 616 

Kishon-Rabin L, suppl 189:85 

Kiss R, 1097 

Kiyak E, 772 

Klein JO, suppl 188:8, 82, 102 


Klimek L, 633 


Klussmann JP, 972 
Knoedgen R, 972 
Knutson J, 349 
Kobayashi T, 736 


Koch DB, suppl 189:62 
Kojima H, 789 

Kondo H, 1054 

Konietzko J, 633 
Konradsson K, 261 

Korres SG, 68, 1139 

Korst RJ, 667 

Kotz T, 672 

Kóybasioglu A, 96 

Kraus DH, 667 

Kriesel KJ, 884 
Kristiansen AG, 184 
Kronenberg J, suppl 189:85 
Kubo T, 836, 916 

Kulpa JI, 573 

Kurono Y, suppl 188:62, 82 
Kusakari J, 44, 376 

Kutler DI, 323 

Kuurila K, 939 


Kvaerner KJ, supp] 188:19; 598, 1034 


Kvestad E, 598 
Kwon SS, 587 
Kýlýnç H, 217 


Lacau St Guily J, 763, 1026 

Laccourreye H, 315 

Laccourreye L, 204 

Laccourreye O, 1, 204, 315 

Lahat N, 149 

Lai WK, 407 

Landau K, 1087 

Lassaletta L, 169 

Lee B-H, 61 

Lee HM, 135 

Lee H-Y, 507 

Lee K, 579, 684, 962 

Lee SH, 135 

Lee S-Y, 842 

Lehikoinen-Sóderlund S, 523 

Lehmann W, 27 

Lento CL, suppl 189:69, 109 

Leonard LB, suppl 189:109 

: Leverson G, 684 

Levine SC, 890 

Levo H, 392 

Li J-D, suppl 188:52 

Li S, 1040 | 

Li W, 8, 302 

Lichtenberger G, 21 

Liesenfelt I, 1026 

Lim DJ, suppl 188(ed): 6 
(introduction), 8, 36; 507, 919 

Lim HH, 135 

Lin J, 415 

Lin K-N, 537 

Linday LA, 642 

Lindberg 5, 710 

Linder T, suppl 188:102 

Lin-Shiau SY, 842 

Liu C-M, 537 

Liu JH, 57 

Lombardía E, 751 

Lorenz RR, 455, 1120 

Lous J, suppl 188:102 

Luboinski B, 115 

Lufkin R, 778 

Luntz M, suppl 188:26 

Lupi E, 751 


Index 


Luschei ES, 875 
Luxford WM, suppl 189(ed):6 


Mah L, 759 

Mair IWS, 598 

Majima Y, 460 

Makino N, 909 

Malatskey S, 190 

Manabe Y, 357 

Manaligod JM, 174 

Mann WJ, 567, 633 

Manzanal AI, 210 

Marchal F, 27 

Marchioni D, 701 

Marchisio P, suppl 188:95 

Marciano S, 36 

Margolis RH, suppl 188:95 

Marsh RR, 1128 

Martin C, 799 

Martin G, 912 

Martinez-Mafias RM, 466 

Martínez-Montero JC, 210 

Maruff P, suppl 189:119 

Marus W, 794 

Massimetti M, 385 

Masuda S, 460 

Matsuda T, 1054 

Matsuoka H, 587 

Matsuzaki M, 558 

Matumoto C, 909 

Mauri M, suppl 190:21 

Maw AR, suppl 188:102 

McGee K, 115 

McGill TJ, 828 

McGinn JD, 738 

McGuff HS, 977 

McKenna MJ, 184 

McWilliam AS, 567 

Mehr MA, 349 

Mehta RP, 246 

Meijer AGW, 364 

Meltzer TR, 477 

Ménard M, 315 

Mens LHM, 370 

Messias CI, 229 

Mirza N, 1 

Mitsuya S, 1054 

Miura M, 255, 397, 530, 609, 722, 
832, 926, 1045, 1059 

Miwa T, 518, 1112 

Miyamoto RT, suppl 189:69 

Mizukoshi A, 160 

Mogi G, suppl 188:8, 82; 1133 

Montravers F, 763 

Moog JS, suppl 189:138 

Moon S-K, 507, 919 

Moore JA, suppl 189:52 

Moore JK, suppl 189:7 

Morera E, 169 

Morinaka S, 855 

Morris TJ, 120 

Moukheiber AK, 1076 

Moulin G, 36 

Mount RJ, suppl.189:102 

Muchnik C, suppl 189:85 

Mulder JJS, 370 

Müller A, 821, 896 

Miiller-Deile J, 407 


1147 


Murakami S, 616, 1054 
Murdoch B, 623, 745 
Murphy TF, suppl 188:82 
Murray KD, 477 

Muttray A, 633 


_Myer CM MI, 281 


Nadol JB Jr, 246 
Nafstad P, 1034 

Nagata H, 855 

Nagura M, 718 
Nakahira M, 128 
Nakajima M, 861 
Nakao Y, 736 
Nakashima T, 15, 998 
Nakatani H, 128 
Nakaya M, 593 

Nam BH, 402 
Nanjundappa, 50 
Nazarian B, 36 

Nelson DR, 542 

Nelson M, 1120 

Neri E, 385 

Netterville JL, 328, 500 
Nicholas J, suppl 189:127 
Nifant'ev NE, 1097 
Nishiike S, 916 
Nishino H, 423, 1092 
Noda K, 836 

Nouwen J, 165 

Novak MA, suppl 189:74 
Nozawa I, 160 


Ochi K, 423, 1092 

Ocho S, 718 

Oda N, 1116 

Odabasi AO, 912 

Oghalai JS, 860 (letter to editor) 

Ogra PL, suppl 188:8, 62, 82, 95 
(correspondent) 

Ohashi T, 423, 1092 

Ohlin P, 710 

Ohta Y, 909 

Ohtsubo T, 357 

Okamoto Y, 160 

Oliveira CA, 229 

Omori K, 680 

O'Neill T, suppl 189:69 

Orita Y, 609,.722, 1059 

Osberger MJ, suppl 189:62 

Otterstedde CR, 1108 

Otto RA, 1005 

Oysu C, 1021 

Ozcan C, 100 


Palmer AD, 477 

Panitch HB, 310 

Papadakis CE, 553 

Paparella MM, suppl 188:8, 36 
(correspondent); 415 

Pappas DG, 102, 196, 384, 469, 470, 
566, 1144 (book reviews) 

Papsin BC, suppl 189:32, 102 

Paradise JL, suppl 188:8, 102 

Parameswaran MS, 871 

Park CI, 402 

Parkinson A, suppl 189:56 

Passali D, suppl 188:95 
(correspondent) 


1148 


Patel JA, suppl 188:62, 82 
Patrón M, 169 

Paulsen FP, 896 
Paulsson B, 710 

Paut O, 1076 

Pensak ML, 343, 850 
Penttilá M, 80 
Perez-Atayde AR, 828 
Périé S, 763, 1026 
Picton TW, suppl 189:16 
Pin M, 794 

Pippenger CE, 642 
Pisoni DB, suppl 189:91, 113 
Plant RL, 738 

Plaza G, 210 
Plouin-Gaudon I, 653 
Poelmans J, 933 

Poetker DM, 957 

Politi D, 794 

Portier F, 817 

Potsic WP, 1128 

Pouget J-F, 799 

Prades J-M, 799 
Preciado DA, 310 
Prellner K, 261 
Premalatha BS, 50 
Purcell A, suppl 189:131 
Pyykkö I, 392 


Racy E, 817 

Rahat MA, 149 
Rahbar R, 828 

Ramel S, 441 
Ramírez-Camacho R, 989 
Ramoutsaki IA, 553 
Ramoutsakis IA, 553 
Rance G, suppl 189:22 
Rask-Andersen H, 237 
Rautiainen M, 80 
Ravecca F, 385 
Rawlings D, 1050 
Reed VA, suppl 189:131 
Reddy BKM, 50 
Reijonen P, 523 
Reinisch L, 471 
Reisser CFV, 1108 
Resnick MB, 149 

Rey MJ, 466 

Rhee JS, 573, 754 
Rhim JS, 507, 919 
Riberi A, 1076 

Riedel F, 222 
Rihkanen H, 523 
Rimell FL, 310 
Rombaux P, 165 
Rosen C, 120 

Rosen LG, 730 
Rosenfeld RM, suppl 188:102 
Rotz LA, suppl 189:74 
Roubeau B, 1026 
Rowley H, 828 

Ruan Y-Y, 93 

Rudolph C, 57 

Ruiz C, 1 

. Ryan AF, suppl 188:52 
Ryding M, 261 


Sadick H, 222 
Saijo S, 783 


Index 


Saito H, 357 

Saito T, 357 

Sakakura Y, 460 
Sakihama N, 736 

Salinas S, 169 

Samadi DS, 295 

Sandler AD, 957 

Sando I, suppl 188:26, 36 


(correspondent), 102; 255, 397, 530, 


609, 722, 832, 926, 1045, 1059 
Sant’anna GD, 500 
Santon A, 210 
Sarant J, suppl 189:119 
Sato E, 998 
Sato K, 15 
Savignano MG, 794 
Sawada T, 916 
Scannapieco F, 696 
Schachern PA, 415 
Schaefer D, 633 
Schubert M, 821 
Schulze SL, 573 
Schutte HK, 142, 333 
Sciote JJ, 120 
Scott DL, 957 
Segenhout HM, 364 
Sellari Franceschini S, 385 
Sewall GK, 579 
Seyhan T, 217 
Shah UK, 1128 
Shapiro J, 672 
Shapiro N, 778 
Shapiro WH, suppl 189:42 
Shapshay SM, 690 
Sharma A, suppl 189:38 
Shau W-Y, 842 
Shenoy AM, 50 
Shibamori Y, 357 
Shields RW, 542 
Shiga K, 783 
Shimada T, 518 
Shimazaki T, 1133 
Shindledecker RD, 642 
Shiomi Y, 1116 
Sichel J- Y, 464 
Sih TM, suppl 188:62 
Simpson CB, 977 
Sininger YS, suppl 189:29 
Sittel C, 493 
Smets F, 165 
Smith ME, 302 
Smith RJH, 957, 1066 
Smith SL, 890 
Sockalingam R, 745 
Sokal EM, 165 
Soliman AMS, 871 
Somri M, 190 
Sone M, 998 
Spahr A, suppl 189:38 
Speyer R, 902 
Sridharan S, 50 
Srihariprasad AV, 50 
Stagner B, 912 
Staller S, suppl 189:56 
Stallings LM, suppl 189:109 
Stangerup S-E, suppl 188:26 
Stecker M, 407 
Stenfors L-E, suppl 188:62 


Steward DL, 850 

Stewart IA, suppl 188:95 
(correspondent) 

Stoeckli SJ, 1087 

Stool SE, suppl 188:102 

Strome M, 455, 542, 1120 

Stucker FJ, 563 (letter to editor) 

Sudo M, 832 

Sudre-Levillain I, 36 

sugiyama K, 1054 

Sulfaro 5, 794 

Sulica L, 291 

Sun S-S, 77 

Sun Y-Z, 93 

sunay T, 447 

Suoglu Y, 447 

Surowiecki VN, suppl 189:119 

Suzuki M, suppl 188:62, 82; 1133 

suzuki T, 579, 684, 861, 884, 962 

Svirsky MA, suppl 189:109 

Swarts JD, suppl 188:26, 36 
(correspondent) 


Tabuchi K, 44, 376 

Tabuchi T, 736 

Tack J, 933 

Taitelbaum R, suppl 189:85 
Takahashi H, suppl 188:26; 616 
Takanosawa M, 909 

Takasaka T, suppl 188:36, 102 


Takasaki K, 255, 530, 832, 926, 1045 


Takeda T, 128 

Takes RP, 1015 
Takeshita H, 1112 
Takeuchi K, 460 

Talbot J-N, 763 

Talman WT, 875 

Tamura M, 836 

Tassart M, 763 

Tateda M, 783 

Tateya I, 789 

Tayama N, 83 

Telischi FF, 912 
Thai-Van H, 1008 
Thatcher G, 310 
Theodore J, 284 (letter to editor) 
Thibeault S, 8, 302, 661, 884 
Thomas JF, suppl 189:74 
Tian X, 323 

Tinaz M, 772 

Titze IR, 83 

Tobey E, suppl 189:127 
Todd NW, suppl 189:38 
Tominaga M, 998 

Toohill RJ, 573 

Toprak B, 704 

Tos M, suppl 188:8, 19 
Tran Ba Huy P, 817 
Trautwein P, suppl 189:29 
Triglia JM, 36, 1076 
Tringali S, 799 
Tropitzsch AS, 184 

Truy E, 1008 

Tsai S-C, 77 

Tschopp KP, 811 

Tsuboi Y, 415 

Tsuji S, 44, 376 

Tsuji T, 680 


Tye-Murray N, suppl 189:127 


Uchanski R, suppl 189:127 
Ueyama S, 919 

Ulubil A, 1021 

Unlu HH, 704 

Upton GJG, 1081 

Uslu S, 96 

Usui N, 593 


Vaida S, 190 

Valdez TA, 690 

van Blommestein R, 1015 

Van Camp G, 267, 639 

van Cauwenberge PB, suppl 188:19 
(correspondent), 95 (correspondent) 

Vandenhoven G, 1097 

van der Mei HC, 200 

VanGroll PJ, 884 

van Krieken HHJM, 1015 

Van Laer L, 639 

van Weissenbruch R, 200 

van Zuijlen DA, 639 

Veivers D, 204, 315 

Verheul J, 364 

Verkerke GJ, 142, 333 

Vernon-Feagans L, supp! 188:95 

Veuillet E, 1008 


Index 


von Wallenberg E, 407 


Wackym PA, 754 

Wada T, 44 

Wakisaka H, 616 

Walsh D, 295 

Wang DQ, 875 

Wang Z-M, 323 

Wax MK, 285 

Webster P, 507 

Weinstein GS, 1 

Welsh JJ, 730 

Welsh LW, 563 (letter to editor), 730 
Went PT, 1087 

Weymuller EA Jr, 860 (letter to editor) 
Wieneke G, 902 

Willis M, suppl 189:74 

Winter M, suppl 189(ed):6 
Winton E, suppl 189:97 

Witiak DG, 343 

Witt S, 349 

Wittekindt C, 972 

Wittich DJ Jr, 469 (book review) 
Wolfe D, 754 

Woodson BT, 968 

Woodworth G, 349 

Wright M, suppl 189:131 


Xu R, 323 


SUBJECTS 


1149 


Yamagishi T, 357 
Yamanaka N, suppl 188:82 
Yamashita M, 680 

Yan Z, 275 | 

Yang CY, 477 

Yazawa Y, 587 

Yazicioglu E, 772 

Yeh T-H, 842 

Yencha MW, 338 

Yewell J, 174 

Yilmaz M, 96 

Yin S, 563 (letter to editor) 
Ying E, suppl 189:69, 109 
Ylitalo R, 441 

Yoo TJ, 587 

Young GA, 802 

Young NM, suppl 189:49 
Yuasa T, 593 

Yun C-B, 61 

Yung MW, 1081 

Yuta A, 460 


Zealear DL, 328, 500 

Zeitels SM, 196 (book review); 486; 
suppl 190:3, 21 

Zhou L, 1040 

Zimmerman-Phillips S, suppl 189:62 

Zorowka P, 493 


Acoustic analysis 
Acoustic analysis of upper airway obstruction in excised hu- 
man larynx, 738 l 
Acoustic signature of normal swallow: characterization by 
age, gender, and bolus volume, 623 


Acoustic neuroma 
Effect of acoustic tumor extension into internal auditory ca- 
nal on distortion-product otoacoustic emissions, 912 


Adenoid 
Interference of nontypeable Haemophilus influenzae and Mo- 
raxella catarrhalis by Streptococcus oralis in adenoid or- 


gan culture: possible strategy for treatment of otitis-prone 
child, 696 


Adenosine 
Does endogenous or exogenous adenosine facilitate function- 
al recovery of cochlea after ischemia? 376 


Adhesion 
Bilateral vocal fold paralysis and adhesion in anterior spinal 
artery syndrome, 680 
Age 
Acoustic signature of normal swallow: characterization by 
age, gender, and bolus volume, 623 
Age-related alterations in myosin heavy chain isoforms in 
rat intrinsic laryngeal muscles, 962 
Age-related changes of collagenous fibers in human vocal 
fold mucosa, 15 
Laryngeal-respiratory kinematics are impaired in aged rats, 
684 
Neuromuscular junction changes in aged rat thyroarytenoid 
muscle, 579 


Agenesis 
Isolated congenital agenesis of olfactory bulbs and tracts in 
child without Kallmann's syndrome, 657 


Airflow 
Airflow resistance of heat and moisture exchange filters with 
and without tracheostoma valve, 333 


Airway 
Acoustic analysis of upper airway obstruction in excised hu- 
man larynx, 738 


Allergy 

Evaluation of nasal mucociliary clearance function in aller- 
gic rhinitis patients with technetium 99m-labeled macro- 
aggregated albumin rhinoscintigraphy, 77 

Lack of association between gene polymorphism of trans- 
porters associated with antigen processing and allergic rhi- 
nitis in Japanese population, 460 

Subglottic stenosis complicated by allergic esophagitis: case 
report, 57 


Anaerobes 
Anaerobic bacteria in upper respiratory tract and other head 
and neck infections, 430 
Bacteriology of acute and chronic sphenoid sinusitis, 1002 


Anatomy 
Functional anatomy of levator veli palatini muscle and ten- 
sor veli palatini muscle in association with eustachian tube 
cartilage, 530 


Anesthesia 
Local anesthesia with EMLA cream for maxillary sinus punc- 
ture, 80 


Anomaly 
Isolated congenital round window absence, 799 
New treatment options for lymphangioma in infants and chil- 
dren, 1066 
Temporal bone morphometric study on eustachian tube and 
its associated structures in patients with chromosomal ab- 
errations, 722 


1150 


Antagonist z 
Effect of ketamine, dextromethorphan, and MK-801 on co- 
chlear dysfunction induced by transient ischemia, 44 


Anterior spinal artery syndrome 
Bilateral vocal fold paralysis and adhesion in anterior spinal 
artery syndrome, 680 


Anti-inflammatory medications. 
Effects of prednisone and ibuprofen on radio frequency vol- 
ume tissue reduction in rabbit model, 968 


Apoptosis o 
Survivin expression in juvenile-onset recurrent respiratory 
papillomatosis, 957 


Artery 
Limitations to mobilizing intrapetrous carotid artery, 343 
Management of carotid artery invasion in advanced malig- 
nancies of head and neck. Comparison of techniques, 772 


Arytenoid adduction 
Glottal configuration, acoustic, and aerodynamic changes in- 
duced by variation in suture direction in arytenoid adduc- 
tion procedures, 861 


Atelectasis 
Progression of late-stage chronic maxillary atelectasis, 759 


Atrial natriuretic peptide 
Atrial natriuretic peptide receptor upregulation in rat inner 
ear, 1040 


Audiology 
Audiological assessment in Ramsay Hunt syndrome; 68 


Auditory brain stem response 
Electrophysiological findings in two bilateral cochlear im- 
plant cases: does duration of deafness affect electrically 
evoked auditory brain stem responses? 1008 
Evaluation of vertigo by auditory brain stem response, 730 


Autoimmune disease 
Expression of heat shock protein 70 in cochlea in experimen- 
tal autoimmune inner ear disease, 275 
Induction of endolymphatic hydrops by directly infused mono- 
clonal antibody against type II collagen CB11 peptide, 587 


Averaged electrode voltages 
Averaged electrode voltages in users of Clarion cochlear im- 
plant device, 370 


Bacteria 

Anaerobic bacteria in upper respiratory tract and other head 
and neck infections, 430 

Bacteriology of acute and chronic sphenoid sinusitis, 1002 

Interference of nontypeable Haemophilus influenzae and Mo- 
raxella catarrhalis by Streptococcus oralis in adenoid or- 
gan culture: possible strategy for treatment of otitis-prone 
child, 696 


Bell’s palsy 
Waveform changes in antidromic facial nerve responses in 
patients with Bell’s palsy, 128 


Benefit 
Economic benefit of tonsillectomy in adults with chronic ton- 
sillitis, 983 
Bilirubin 
Incidence of cochlear involvement in hyperbilirubinemic deaf- 
ness, 1021 
Biofilm 
Comparison of microbial composition of voice prosthesis bio- 
- films from patients requiring frequent versus infrequent re- 
placement, 200 


Blood flow 
Blood flow measurements in ears of patients receiving cochle- 
ar implants, 998 


Bone 
Hearing loss in Finnish adults with osteogenesis imperfecta: 
nationwide survey, 939 


Book Reviews 

Alper CM, Myers EN, Eibling DE. Decision Making in Ear, 
Nose, and Throat Disorders, 384 

Bailey BJ, Calhoun KH, Friedman NR, Newlands S, Vrabec 
JT, eds. Atlas of Head and Neck Surgery—Otolaryngology, 
470 

Bailey BJ, Calhoun KH, Healy GB, Johnson JT, Jackler RK, 
Pillsbury HC III, Tardy EM Jr, eds. Head and Neck Sur- 
gery—Otolaryngology, 469 

Berlin CI, Bobbin RP, eds. Hair Cells Micromechanics and 
Hearing, 102 

Bluestone CD, Klein JO. Otitis Media in Infants and Chil- 
dren, 384 

Brackmann DE, Shelton C, Arriaga MA, eds. Otologic Sur- 
gery, 196 

Ferlito A, ed. Diseases of the Larynx, 196 

Laskaris G. Color Atlas of Oral Diseases in Children and 
Adolescents, 469 

Møller AR. Hearing: Its Physiology and Pathophysiology, 
102 

Palva T, in collaboration with Ramsay H, Northrop C. Color 
Atlas of the Anatomy and Pathology of the Epitympanum, 
469 

Seiden AE, Tami TA, Pensak MM, Cotton RT, Gluckman JL, 
eds. Otolaryngology: The Essentials, 1144 

Wackym PA, Rice DH, Schaefer SD, eds. Minimally Inva- 
sive Surgery of the Head, Neck, and Cranial Base, 1144 


Botulinum toxin 
Electrically stimulated glottal opening combined with adduc- 
tor muscle Botox blockade restores both ventilation and 
voice in patient with bilateral laryngeal paralysis, 500 
Endoscopic botulinum toxin injection for cricopharyngeal 
dysphagia, 871 


Brain stem 
Evaluation of vertigo by auditory brain stem response, 730 


Bronchoscopy 
Pediatric virtual bronchoscopy, 281 


Byzantine period 
Therapeutic methods used for otolaryngological problems 
during Byzantine period, 553 


Cardiopulmonary bypass 
Repair of type IV laryngotracheoesophageal cleft with cardio- 
pulmonary bypass, 1076 


Carcinoma 

Association of Epstein-Barr virus and nasopharyngeal carci- 
noma in Caucasian patients, 210 

Management of carotid artery invasion in advanced malig- 
nancies of head and neck. Comparison of techniques, 772 

Metachronous second primary cancers after successful par- 
tial laryngectomy for invasive squamous cell carcinoma 
of true vocal cord, 204 

Voice and treatment outcome from phonosurgical manage- 
ment of early glottic cancer, suppl 190:3 


Carotid artery 
Limitations to mobilizing intrapetrous carotid artery, 343 
Management of carotid artery invasion in advanced malig- 
nancies of head and neck. Comparison of techniques, 772 


Cartilage interposition 
Cartilage interposition in ossiculoplasty with hydroxylapa- 
tite prostheses: histopathologic study in guinea pig, 364 


Catheter 
Transtracheal oxygen catheters in pediatric population, 310 


Cell 

Analysis of spiral ganglion cell populations in children with 
normal and pathological ears, 1059 

Cellular proliferation of mucosa-associated lymphoid tissue 
with otitis media: preliminary study, 926 

Immortalization of normal adult human middle ear epithelial 
cells using retrovirus containing E6/E7 genes of human 
papillomavirus type 16, 507 

Immortalization of rat eustachian tube epithelial cells by ad- 
enovirus 12-simian virus 40 hybrid virus, 919 

Instability of extracellular matrix gene expression in primary 
cell culture of fibroblasts from human vocal fold lamina 
propria and tracheal scar, 8 


CHARGE association 
Temporal bone histopathology in CHARGE association, 397 


Chemotherapy 

Analysis of local recurrence in patients with selected T1- 
3NOMO squamous cell carcinoma of true vocal cord man- 
aged with platinum-based chemotherapy-alone regimen 
for cure, 315 

Fluorodeoxyglucose imaging using coincidence gamma cam- 
era to detect head and neck squamous cell carcinoma and 
response to chemotherapy, 763 


Cholesteatoma 
Congenital implantation cholesteatomas of occipitoparieto- 
temporal junction, 778 


Chorda tympani nerve 
Incidence of regeneration of chorda tympani nerve after mid- 
dle ear surgery, 357 


Cisplatin 
Cisplatin-induced ototoxicity and pharmacokinetics: prelimi- 
nary findings in dog model, 745 


Cleft 
Median cleft of lower lip: report of two new cases and re- 
view of literature, 217 
Repair of type IV laryngotracheoesophageal cleft with cardio- 
pulmonary bypass, 1076 


Click train 
Quinine affects response properties of compound action po- 
tentials elicited by periodic click trains, 423 


c-Met 
Hepatocyte growth factor and its receptor c-Met in rat and 
rabbit vocal folds, 661 


Coagulation 
Topical estrogens combined with argon plasma coagulation 
in management of epistaxis in hereditary hemorrhagic te- 
langiectasia, 222 


Cochlea 

Does endogenous or exogenous adenosine facilitate func- 
tional recovery of cochlea after ischemia? 376 

Effect of ketamine, dextromethorphan, and MK-801 on co- 
chlear dysfunction induced by transient ischemia, 44 

Impact of activities of Na*,K*-ATPase and Ca?*- ATPase in 
cochlear lateral wall on recovery from noise-induced tem- 
porary threshold shift, 842 

Incidence of cochlear involvement in hyperbilirubinemic 
deafness, 1021 


1151 


Localization of glycocorticoid receptors in murine inner ear, 
1133 


Cochlear implant 

Analysis of spiral ganglion cell populations in children with 
normal and pathological ears, 1059 

Averaged electrode voltages in users of Clarion cochlear im- 
plant device, 370 

Blood flow measurements in ears of patients receiving cochle- 
ar implants, 998 

Cochlear implantation in elderly: results and quality-of-life 
assessment, 890 

Contribution of speech rate to speech perception in multi- 
channel cochlear implant users, 718 

Effects of Clarion electrode design on mapping levels in chil- 
dren, 1128 

Effects of frequency, instrumental family, and cochlear im- 
plant type on timbre recognition and appraisal, 349 

Eighth Symposium on Cochlear Implants in Children, suppl 
189 

Electrophysiological findings in two bilateral cochlear im- 
plant cases: does duration of deafness affect electrically 
evoked auditory brain stem responses? 1008 

Receptive and expressive language skills of children with 
five years of experience using cochlear implant, 802 


Cod liver oil 
Lemon-flavored cod liver oil and multivitamin-mineral sup- 
plement for secondary prevention of otitis media in young 
children: pilot research, 642 


Coincidence gamma camera 
Fluorodeoxyglucose imaging using coincidence gamma cam- 
era to detect head and neck squamous cell carcinoma and 
response to chemotherapy, 763 


Collagen 
Age-related changes of collagenous fibers in human vocal 
fold mucosa, 15 
Induction of endolymphatic hydrops by directly infused mono- 
clonal antibody against type II collagen CB11 peptide, 587 
Treatment of vocal fold scarring: rheological and histologi- 
cal measures of homologous collagen matrix, 884 


Columella 
Surgery of nasal columella in external valve collapse, 701 


Complications 
Complication-free laryngeal surgery after irradiation failure 
with prostaglandin E1 administration, 783 
Complications of suspension laryngoscopy, 972 
Metallic trachea] stents: complications associated with long- 
term use in upper airway, 285 


Compound action potential 
Measurement of electrically evoked compound action po- 
tential via neural response telemetry system, 407 | 
Quinine affects response properties of compound action po- 
tentials elicited by periodic click trains, 423 


Computer-aided three-dimensional reconstruction 
Postnatal development of static volume of eustachian tube 
lumen. A computer-aided three-dimensional reconstruction 
and measurement study, 832 


Computer communication networks 
Internet resources available to otolaryngologists, 1139 


Concha bullosa 
Massive bilateral inferior Sons bullosa, 100 


Contact granuloma 
Extraesophageal reflux in patients with contact granuloma: 
prospective controlled study, 441- 


1152 


Craniofacial defect 
Median cleft of lower lip: report of two new cases and re- 
view of literature, 217 


Cricohyoidoepiglottopexy 
Larynx preservation with supracricoid partial laryngectomy 
with cricohyoidoepiglottopexy. Correlation of videostrobo- 
scopic findings and voice parameters, 1 


Cricothyroid approximation 
Cricothyroid approximation to elevate vocal pitch in male- 
to-female transsexuals: results of surgery, 477 


Cuff pressure 
simple on-line endotracheal cuff pressure relief valve, 190 


Cyclooxygenase-2 
Expression of glucocorticoid receptors and cyclooxygenase- 
2 in nasal polyps from nonallergic patients, 61 


Cystic fibrosis 
Nasal polyposis in children with cystic fibrosis: long-term 
follow-up study, 1081 


Cytokeratin 
Detection of cytokeratins in normal and malignant laryngeal 
epithelia by means of reverse transcriptase-polymerase 
chain reaction, 149 


Dacryocystorhinostomy 
Comparison of surgical outcomes in primary endoscopic dac- 
ryocystorhinostomy with and without silicone intubation, 
704 


Defensin 
Antimicrobial defensin peptides of human nasal mucosa, 135 


Dendritic cell 
Dendritic cell influx differs between subglottic and glottic 
mucosae during acute laryngotracheitis induced by broad 
spectrum of stimuli, 567 


Development 
Postnatal development of static volume of eustachian tube 
]umen. À computer-aided three-dimensional reconstruction 
and measurement study, 832 
Digital photography 
Digital photography of larynx, 603 
Dissection 
Functional neck dissection for clinically negative neck: ef- 
fectiveness and controversies, 169 
Sudden death after neck dissection for cancer, 115 


Drug abuse 
Complications of intranasal i daa narcotic abuse, 174 


Duct 
Submandibular diagnostic and interventional sialendoscopy: 
new procedure for ductal disorders, 27 
Dysphagia 
Dysphagia and aspiration with unilateral vocal cord immo- 
bility: incidence, characterization, and response to surgi- 
cal treatment, 672 
Endoscopic botulinum toxin injection for cricopharyngeal 
dysphagia, 871 
Laryngeal-respiratory kinematics are impaired in aged rats, 
684 
Economic benefit 
Economic benefit of tonsillectomy in adults with chronic ton- 
sillitis, 983 
Education 
Core Curriculum in Adult Primary Care 2001: Office Otolar- 
yngology and Ophthalmology, 382 


Eighth Symposium on Cochlear Implants in Children 

Assessment of hearing in infants with moderate to profound 
impairment: Melbourne experience with auditory steady- 
state evoked potential testing, suppl 189:22 

Auditory brain stem and midbrain development after cochlear 
implantation in children, suppl 189:32 

Changing expectations for children with cochlear implants, 
suppl 189:138 

Cochlear implant candidacy and perfomance trends in chil- 
dren, suppl 189:62 

Cochlear implants and infants: expectations and outcomes, 
suppl 189:131 

Cognitive processing in children using cochlear implants: re- 
lationship between visual memory, attention, and execu- 
tive functions and developing language skills, suppl 189: 
119 

Development of speech perception and production in chil- 
dren with cochlear implants, suppl 189:85 

Early cochlear implantation in children allows normal de- 
velopment of central auditory pathways, suppl 189:38 

Early identification and cochlear implantation: critical fac- 
tors for spoken language development, suppl 189:74 

Effects of age at implantation in young children, suppl 189:69 

Electrical stimulation of auditory nerve via cochlear implants 
in patients with auditory neuropathy, suppl 189:29 

Grammatical morphologic development in pediatric cochlear 
implant users may be affected by perceptual prominence 
of relevant markers, suppl 189:109 

Imitation of nonwords by deaf children after cochlear im- 
plantation: preliminary findings, suppl 189:91 

Infant cochlear implantation and anesthetic risk, suppl 189:49 

Influence of age at implantation and of residual hearing on 
speech outcome measures after cochlear implantation: bi- 
nary partitioning analysis, suppl 189:102 

Introduction, suppl 189:6 | 

Maturation of human auditory cortex: implications for speech 
perception, suppl 189:7 

Multiple auditory steady-state responses, suppl 189:16 

Neural response telemetry in 12- to 24-month-old children, 
suppl 189:42 

Pediatric outcomes with Nucleus 24 Contour: North Ameri- 
can clinical trial, suppl 189:56 

Pediatric performance with Med-El Combi 40+ cochlear im- 
plant system, suppl 189:66 

Postimplantation audition and educational attainment in chil- 
dren with prelingually acquired profound deafness, suppl 
189:79 

Rehabilitation factors contributing to implant benefit in chil- 
dren, suppl 189:127 

Role of infant development in candidacy for and efficacy of 
cochlear implantation, suppl 189:52 

Some critical developments in acquiring native language 
sound organization during first year, suppl 189:11 

Speech perception outcomes in older children who use mul- 
tichannel cochlear implants: older is not always poorer, sup- 
pl 189:97 

Talker discrimination by prelingually deaf children with co- 
chlear implants: preliminary results, suppl 189:113 


Electrical stimulation 
Effect of chronic electrical stimulation of laryngeal muscle 
on voice, 328 
Electrically stimulated olfactory evoked Sporn in olfac- 
tory disturbance, 518 
Electrode 


Effects of Clarion electrode design on mapping levels in chil- 
dren, 1128 


Electromyography 
Comparison of various methods of electromyographic moni- 
toring of recurrent laryngeal nerve in thyroid surgery, 811 


EMLA cream 
Local anesthesia with EMLA cream for maxillary sinus punc- 
ture, 80 


Endolymph 

Atrial natriuretic peptide receptor upregulation in rat inner 
ear, 1040 

Induction of endolymphatic hydrops by directly infused mono- 
clonal antibody against type II collagen CB11 peptide, 587 

Localization of glycocorticoid receptors in murine inner ear, 
1133 

Vascular occlusion in endolymphatic sac in Meniere's dis- 
ease, 237 


Endoscopic sinus surgery 
Revision functional endoscopic sinus surgery, 155 
Washout of 133-xenon as objective assessment of paranasal 
sinus ventilation in endoscopic sinus surgery, 710 


Endoscopy 
Complications of suspension laryngoscopy, 972 
Submandibular diagnostic and interventional sialendoscopy: 
new procedure for ductal disorders, 27 
Virtual laryngotracheal endoscopy based on geometric sur- 
face modeling using spiral computed tomography data, 36 


Endotracheal tube 
Simple on-line endotracheal cuff pressure relief valve, 190 


Epidemiology 
Otolaryngological surgery and upper respiratory tract infec- 
tions in children: epidemiological study, 1034 


Epistaxis 
Topical estrogens combined with argon plasma coagulation 
in management of epistaxis in hereditary hemorrhagic te- 
langiectasia, 222 


Epstein-Barr virus 
Association of Epstein-Barr virus and nasopharyngeal carci- 
noma in Caucasian patients, 210 


Esophagus 
Subglottic stenosis complicated by allergic esophagitis: case 
report, 57 


Eustachian tube 

Estimated locations of narrowest portion of eustachian tube 
lumen during closed and open states, 255 

Functional anatomy of levator veli palatini muscle and ten- 
sor veli palatini muscle in association with eustachian tube 
cartilage, 530 

Functional anatomy of tensor veli palatini muscle and Ost- 
mann’s fatty tissue, 1045 

Histopathologic study of temporal bones and eustachian tubes 
of children with cholesterol granuloma, 609 

Postnatal development of static volume of eustachian tube 
lumen. A computer-aided three-dimensional reconstruction 
and measurement study, 832 

Temporal bone morphometric study on eustachian tube and 
its associated structures in patients with chromosomal ab- 
errations, 722 

Temporal bone histopathology in CHARGE association, 397 


Facial nerve 
Otologic facial palsy: etiology, onset, and symptom duration, 
598 
Waveform changes in antidromic facial nerve responses in 
patients with Bell’s palsy, 128 


1153 


Fascia 
Results of fascial augmentation in unilateral vocal fold pa- 
ralysis, 523 


Fiberoptic laryngeal surgery 
Fiberoptic laryngeal surgery for vocal process granuloma, 
789 


Fibroma 
Aggressive psammomatoid ossifying fibroma, 466 


Flap 
Long-term results of sternohyoid myocutaneous rotary door 
flap for laryngotracheal reconstruction, 93 


Fluorescein 
Vascular permeability to fluorescent substance in human cra- 
nial nerves, 736 


Fluorodeoxyglucose 
Fluorodeoxyglucose imaging using coincidence gamma cam- 
era to detect head and neck squamous cell carcinoma and 
response to chemotherapy, 763 


Gamma probe 
Gamma probe accuracy in detecting sentinel lymph node in 
clinically NO squamous cell carcinoma of head and neck, 
794 


Ganglionitis 
The three faces of vestibular ganglionitis, 103 


Genetics 

Adenovirus-mediated ex vivo gene transfer of human vascu- 
lar endothelial growth factor in rabbit laryngotracheal re- 
construction model, 295 

DNA ploidy status as prognostic marker and predictor of 
lymph node metastasis in laryngeal carcinoma, 1015 

Further delineation of DFNAS phenotype: results of speech 
recognition tests, 639 

Genotypic and phenotypic expression of vocal fold polyps 
and Reinke’s edema: preliminary study, 302 . 

Instability of extracellular matrix gene expression in primary 
cell culture of fibroblasts from human vocal fold lamina 
propria and tracheal scar, 8 

Lack of association between gene polymorphism of trans- 
porters associated with antigen processing and allergic rhi- 
nitis in Japanese population, 460 

Occurrence of familial Meniere’s syndrome and migraine in 
Brasilia, 229 


Globus pharyngis 
Hyperviscoelasticity of epipharyngeal mucus may induce 
globus pharyngis, 1116 


Glossopharyngeal neuralgia 
Glossopharyngeal neuralgia associated with aberrant inter- 
nal carotid artery in oropharynx, 193 


Glottis 
585-nm Pulsed dye laser treatment of glottal papillomatosis, 
486 
Glottal configuration, acoustic, and aerodynamic changes in- 
duced by variation in suture direction in arytenoid adduc- 
tion procedures, 861 


Glucocorticoid 
Expression of glucocorticoid receptors and cyclooxygenase- 
2 in nasal polyps from nonallergic patients, 61 
Glucocorticoid-induced differential expression of sialylated 
and nonsialylated Lewis? epitopes and respective binding 
sites in human nasal polyps maintained under ex vivo tis- 
sue culture conditions, 1097 


1154 


High-dose glucocorticoids inhibit proliferation of rat olfac- 
tory epithelium, 909 , 

Induction of growth factor expression is reduced during heal- 
ing of tympanic membrane perforations in glucocorticoid- 
treated rats, 947 

Localization of glucocorticoid receptors in murine inner ear, 
1133 


Glycerol test 
Clinical study of acute low-tone sensorineural hearing loss: 
survey and analysis of glycerol test and orthostatic test, 
160 


Gore-Tex 
Soft tissue response of rabbit larynx to Gore-Tex implants, 
977 


Granular cell tumor 
Granular cell tumor of pituitary fossa, 754 


Granuloma 

Extraesophageal reflux in patients with contact granuloma: 
prospective controlled study, 441 

Fiberoptic laryngeal surgery for vocal process granuloma, 
789 

Histopathologic study of temporal bones and eustachian tubes 
of children with cholesterol granuloma, 609 

Multiple and synchronous peripheral giant cell granulomas 
of gums, 751 


Growth factor 
Hepatocyte growth factor and its receptor c-Met in rat and 
rabbit vocal folds, 661 
Induction of growth factor expression is reduced during heal- 
ing of tympanic membrane perforations in glucocorticoid- 
treated rats, 947 


Guidelines , 
Otolaryngological surgery and upper respiratory tract infec- 
tions in children: epidemiological study, 1034 


Hanson, David G., MD, 1943-2002, 954 


Headache 
Isolated sphenoid sinus disease: analysis of 122 cases, 323 


Healing 
Effects of prednisone and ibuprofen on radio frequency vol- 
ume tissue reduction in rabbit model, 968 
New-generation pulsed carbon dioxide laser: comparative ef- 
fects on vocal fold wound healing, 471 


Hearing loss 

Abrupt onset of sensorineual hearing loss and tinnitus in pa- 
tient with capillary telangiectasia of pons, 855 

Audiological assessment in Ramsay Hunt syndrome, 68 

Auditory consequences of recurrent acute purulent otitis me- 
dia, 261 

Clinical study of acute low-tone sensorineural hearing loss: 
survey and analysis of glycerol test and orthostatic test, 
160 i] 

Distal renal tubular acidosis associated with isolated large 
vestibular aqueduct and sensorineural hearing loss, 385 

Further delineation of DFNA5 phenotype: results of speech 
recognition tests, 639 

Hearing loss in Finnish adults with osteogenesis imperfecta: 
nationwide survey, 939 

Hearing loss in Usher syndrome type II is nonprogressive, 
1108 

Is hearing preservation useful in vestibular schwannoma sur- 
gery? 392 . 

Isolated congenital round window absence, 799 


Longitudinal and cross-sectional phenotype analysis in new, 
large Dutch DFNA2/KCNQ4 family, 267 

Sudden sensorineural hearing loss: supporting immunologic 
theory, 989 


Heat and moisture exchange filter 
Airflow resistance of heat and moisture exchange filters with 
and without tracheostoma valve, 333 


Heat shock protein 
Expression of heat shock protein 70 in cochlea in experi- 
mental autotmmune inner ear disease, 275 


Hemangioma 
Intramuscular hemangioma of posterior belly of digastric 
muscle failing to highlight on magnetic resonance imag- 
ing, 1050 


Hepatocyte growth factor 
Hepatocyte growth factor and its receptor c-Met in rat and 
rabbit vocal folds, 661 


History of medicine 
Therapeutic methods used for otolaryngological problems 
during Byzantine period, 553 


Hoarseness 
Laryngeal tuberculosis: report of 15 cases, 916 


Hodgkin’s lymphoma 
Primary parotid gland Hodgkin’s lymphoma, 338 


Horner’s syndrome 
Paraganglioma of cervical sympathetic trunk, 1087 


Hydrops 
Spontaneous intracranial hypotension: rare cause of labyrin- 
thine hydrops, 817 


Hydroxylapatite 
Cartilage interposition in ossiculoplasty with hydroxylapa- 
tite prostheses: histopathologic study in guinea pig, 364 


Hyperbilirubinemia 
Incidence of cochlear involvement in hyperbilirubinemic 
deafness, 1021 


Hyperparathyroidism 
Multiple and synchronous peripheral giant cell granulomas 
of gums, 751 


Hypotension 
Spontaneous intracranial hypotension: rare cause of labyrin- 
thine hydrops, 817 


Idiopathic subglottic stenosis 
Idiopathic subglottic stenosis revisited, 690 


Imaging 
Intramuscular hemangioma of posterior belly of digastric mus- 
cle failing to highlight on magnetic resonance imaging, 1050 


Imaging Case Study of the Month 

Aggressive psammomatoid ossifying fibroma, 466 

Glossopharyngeal neuralgia associated with aberrant inter- 
nal carotid artery in oropharynx, 193 

Isolated congenital agenesis of olfactory bulbs and tracts in 
child without Kallmann’s syndrome, 657 

Massive bilateral inferior concha bullosa, 100 

Pediatric virtual bronchoscopy, 281 

Prenatal magnetic resonance imaging of cervical lymphan- 
gioma for assessment of upper airway, 464 

Progression of late-stage chronic maxillary atelectasis, 759 

Sensorineural hearing loss with intracranial venous malfor- 
mations in Klippel-Trenaunay syndrome, 558 


Immortalization 
Immortalization of normal adult human middle ear epithelial 
cells using retrovirus containing E6/E7 genes of human 
papillomavirus type 16, 507 
Immortalization of rat eustachian tube epithelial cells by ad- 
enovirus 12—simian virus 40 hybrid virus, 919 


Immunity ! 

Dendritic cell influx differs between subglottic and glottic 
mucosae during acute laryngotracheitis induced by broad 
spectrum of stimuli, 567 

Effects of adding steroids, in vitro irradiation, or both to cy- 
closporine immunosuppression in murine laryngeal trans- 
plantation model, 455 

Exposure to 200 ppm of methanol increases concentrations 
of interleukin-1p and interleukin-8 in nasal secretions of 
healthy volunteers, 633 

Expression of heat shock protein 70 in cochlea in experi- 
mental autoimmune inner ear disease, 275 

Sudden sensorineural hearing loss: supporting immunologic 
theory, 989 


Implant 

Analysis of spiral ganglion cell populations in children with 
normal and pathological ears, 1059 

Averaged electrode voltages in users of Clarion cochlear im- 
plant device, 370 

Blood flow measurements in ears of patients receiving co- 
chlear implants, 998 

Cochlear implantation in elderly: results and quality-of-life 
assessment, 890 

Effects of Clarion electrode design on mapping levels in chil- 
dren, 1128 

Effects of frequency, instrumental family, and cochlear im- 
plant type on timbre recognition and appraisal, 349 

Eighth Symposium on Cochlear Implants in Children, suppl 
189 

Blectrophysiological findings in two bilateral cochlear im- 
plant cases: does duration of deafness affect electrically 
evoked auditory brain stem responses? 1008 

Measurement of electrically evoked compound action poten- 
tial via neural response telemetry system, 407 

Soft tissue response of rabbit larynx to Gore-Tex implants, 
977 


Infection 
Otolaryngological surgery and upper respiratory tract infec- 
tions in children: epidemiological study, 1034 


Inferior concha bullosa 
Massive bilateral inferior concha bullosa, 100 


Interleukin 
Exposure to 200 ppm of methanol increases concentrations 
of interleukin-19 and interleukin-8 in nasal secretions of 
healthy volunteers, 633 


Internal auditory canal 
Effect of acoustic tumor extension into internal auditory ca- 
nal on distortion-product otoacoustic emissions, 912 


Internet 
Internet rescurces available to otolaryngologists, 1139 


Intubation 
Comparison of surgical outcomes in primary endoscopic dac- 
ryocystorhinostomy with and without silicone intubation, 
704 


Irradiation 
Complication-free laryngeal surgery after irradiation failure 
with prostaglandin E1 administration, 783 


1155 


Ischemia 
Does endogenous or exogenous adenosine facilitate func- 
tional recovery of cochlea after ischemia? 376 
Effect of ketamine, dextromethorphan, and MK-801 on co- 
chlear dysfunction induced by transient ischemia, 44 


Isolated sphenoid sinus disease 
Isolated sphenoid sinus disease: analysis of 122 cases, 323 


Joint 
Impact of vocal cord paralysis on cricoarytenoid joint, 896 


Kidney 
Distal renal tubular acidosis associated with isolated large 
vestibular aqueduct and sensorineural hearing loss, 385 


Klippel-Trenaunay syndrome 
Sensorineural hearing loss with intracranial venous malfor- 
mations in Klippel-Trenaunay syndrome, 558 


Labyrinth 
Early histopathologic changes after lateral semicircular ca- 
nal transection and occlusion in guinea pigs, 402 
Spontaneous intracranial hypotension: rare cause of labyrin- 
thine hydrops, 817 


Language 
Receptive and expressive language skills of children with 
five years of experience using cochlear implant, 802 


Laryngeal tension-fatigue syndrome 
Videostrobolaryngoscopy of mucus layer during vocal fold 
vibration in patients with laryngeal tension-fatigue syn- 
drome, 537 


Laryngectomy 

In vivo measurements of improved tracheostoma valve based 
on inhalation, 142 

Larynx preservation with supracricoid partial laryngectomy 
with cricohyoidoepiglottopexy. Correlation of videostrobo- 
scopic findings and voice parameters, 1 

Near-total laryngectomy in advanced cancers of larynx and 
pyriform sinus: comparative study of morbidity and func- 
tional and oncological outcomes, 50 


Laryngoplasty 
Soft tissue response of rabbit larynx to Gore-Tex implants, 
977 


Laryngoscopy 
Complications of suspension laryngoscopy, 972 
Virtual laryngotracheal endoscopy based on geometric sur- 
face modeling using spiral computed tomography data, 36 


Laryngotracheitis 
Dendritic cell influx differs between subglottic and glottic 
mucosae during acute laryngotracheitis induced by broad 
spectrum of stimuli, 567 


Laryngotracheoesophageal cleft 
Repair of type IV laryngotracheoesophageal cleft with cardio- 
pulmonary bypass, 1076 


Larynx 
Digital photography of larynx, 603 
Laryngeal tuberculosis: report of 15 cases, 916 


Laser 
585-nm Pulsed dye laser treatment of glottal papillomatosis, 
486 i 
New-generation pulsed carbon dioxide laser: comparative ef- 
fects on vocal fold wound healing, 471 i 
Noncontact three-dimensional laser measuring device for tra- 
cheoscopy, 821 : 


1156 


Surgical voice rehabilitation after laser surgery for glottic 
carcinoma, 493 


Lateralization 
Reversible lateralization of paralyzed vocal cord without tra- 
cheostomy, 21 i 


Letters to the Editor, 284, 563, 565, 860, 956 
Lip 
Median cleft of lower lip: report of two new cases and re- 
view of literature, 217 


Lumen 
Estimated locations of narrowest portion of eustachian tube 
lumen during closed and open states, 255 


Lymph 

Cellular proliferation of mucosa-associated lymphoid tissue 
with otitis media: preliminary study, 926 

Delayed presentation of lymphatic malformation of cervico- 
facial region: role of trauma, 828 

DNA ploidy status as prognostic marker and predictor of 
lymph node metastasis in laryngeal carcinoma, 1015 

Extracapsular spread in ipsilateral neck and contralateral neck 
metastases in laryngeal cancer, 447 

Gamma probe accuracy in detecting sentinel lymph node in 
clinically NO squamous cell carcinoma of head and neck, 
794 

Lymphatic metastasis to supraretrospinal recess in laryngeal 
squamous cell carcinoma, 96 


Lymphangioma 
New treatment options for lymphangioma in infants and chil- 
dren, 1066 
Prenatal magnetic resonance imaging of cervical lymphan- 
gioma for assessment of upper airway, 464 


Lymphoma 
Acute tonsillitis as first manifestation of post-transplant lym- 
phoproliferative disorder, 165 
Primary parotid gland Hodgkin's lymphoma, 338 


Malformation 
Delayed presentation of lymphatic malformation of cervico- 
facial region: role of trauma, 828 
New treatment options for lymphangioma in infants and chil- 
dren, 1066 


Malignancy 
Detection of cytokeratins in normal and malignant laryngeal 
epithelia by means of reverse transcriptase~polymerase 
chain reaction, 149 


Malleus 
Malleus fixation: clinical and histopathologic findings, 246 


Maxilla 
Progression of late-stage chronic maxillary atelectasis, 759 


Measuring device 
Noncontact three-dimensional laser measuring device for tra- 
cheoscopy, 821 


Meckel's cave 
Meningioma involving Meckel's cave: transpetrosal surgical 
anatomy and clinical considerations, 850 


Medialization 
Role of medialization in improvement of breath control in 
unilateral vocal fold paralysis, 1026 


Medicine 
Therapeutic methods used for otolaryngological problems 
during Byzantine period, 553 


Melanoma 
Osteocartilaginous differentiation of mucosal melanoma in 
sinonasal cavity, 1112 


Memorial 
David G. Hanson, MD, 1943-2002, 954 


Meniere's disease 
Occurrence of familial Meniere's syndrome and migraine in 
Brasília, 229 
Perilymphatic pressure measurement in Meniere's disease, 
653 
Vascular occlusion in endolymphatic sac in Meniere's dis- 
ease, 237 


Meningioma 
Meningioma involving Meckel's cave: transpetrosal surgical 
anatomy and clinical considerations, 850 


Metachronous second primary cancer 
Metachronous second primary cancers after successful par- 
tial laryngectomy for invasive squamous cell carcinoma 
of true vocal cord, 204 


Metastasis 

DNA ploidy status as prognostic marker and predictor of 
lymph node metastasis in laryngeal carcinoma, 1015 

Extracapsular spread in ipsilateral neck and contralateral neck 
metastases in laryngeal cancer, 447 

Functional neck dissection for clinically negative neck: effec- 
tiveness and controversies, 169 

Lymphatic metastasis to supraretrospinal recess in laryngeal 
squamous cell carcinoma, 96 


Methanol 
Exposure to 200 ppm of methanol increases concentrations 
of interleukin-1D and interleukin-8 in nasal secretions of 
healthy volunteers, 633 


Microbiology 
Anaerobic bacteria in upper respiratory tract and other head 
and neck infections, 430 
Comparison of microbial composition of voice prosthesis bio- 
films from patients requiring frequent versus infrequent 
replacement, 200 


Middle ear 
Auditory consequences of recurrent acute purulent otitis me- 
dia, 261 
Migraine 
Occurrence of familial Meniere's syndrome and migraine in 
Brasília, 229 
Mitomycin-C 
Idiopathic subglottic stenosis revisited, 690 
Model 
Functional definitions of vocal fold geometry for laryngeai 
biomechanical modeling, 83 
Rat laryngeal transplant model: technical advancements and 
redefined rejection grading system, 1120 


Morbidity 
Near-total laryngectomy in advanced cancers of larynx and 
pyriform sinus: comparative study of morbidity and func- 
tional and oncological outcomes, 50 


Morphometry 
Estimated locations of narrowest portion of eustachian tube 
lumen during closed and open states, 255 
Functional definitions of vocal fold geometry for laryngeal 
biomechanical modeling, 83 


Mortality 
Sudden death after neck dissection for cancer, 115 


Mucin 
Induction of mucous cell metaplasia by tumor necrosis fac- 
tor alpha in rat middle ear: pathological basis for mucin 
hyperproduction in mucoid otitis media, 415 


Mucus 

Evaluation of nasal mucociliary clearance function in aller- 
gic rhinitis patients with technetium 99m-labeled macro- 
aggregated albumin rhinoscintigraphy, 77 

Hyperviscoelasticity of epipharyngeal mucus may induce 
globus pharyngis, 1116 

Videostrobolaryngoscopy of mucus layer during vocal fold 
vibration in patients with laryngeal tension-fatigue syn- 
drome, 537 


Muscarinic receptor 
Immunohistochemical localization of subtypes of muscarinic 
receptors in human inferior turbinate mucosa, 593 


Muscle 
. Age-related alterations in myosin heavy chain isoforms in 

rat intrinsic laryngeal muscles, 962 

Effect of chronic electrical stimulation of laryngeal muscle 
on voice, 328 

Effect of substance P injection into nucleus tractus solitarius 
of rats on cricothyroid and thyroarytenoid motor activity 
and cardiovascular and respiratory systems, 875 

Electronic analysis of intrinsic laryngeal muscles in canine 
sound production, 542 

Functional anatomy of levator veli palatini muscle and ten- 
sor veli palatini muscle in association with eustachian tube 
cartilage, 530 

Functional anatomy of tensor veli palatini muscle and Ost- 
mann’s fatty tissue, 1045 

Intramuscular hemangioma of posterior belly of digastric mus- 
cle failing to highlight on magnetic resonance imaging, 1050 

Neuromuscular junction changes in aged rat thyroarytenoid 
muscle, 579 

Unloaded shortening velocity and myosin heavy chain varia- 
tions in human laryngeal muscle fibers, 120 


Mutation 
Further delineation of DFNA5 phenotype: results of speech 
recognition tests, 639 
Longitudinal and cross-sectional phenotype analysis in new, 
large Dutch DFNA2/KCNQ4 family, 267 
Similar COL1A1 expression in fibroblasts from some patients 
with clinical otosclerosis and those with type I osteogen- 
esis imperfecta, 184 
Myosin 
Age-related alterations in myosin heavy chain isoforms in rat 
intrinsic laryngeal muscles, 962 
Unloaded shortening velocity and myosin heavy chain varia- 
tions in human laryngeal muscle fibers, 120 


Narcotic abuse 
Complications of intranasal prescription narcotic abuse, 174 


Near-total laryngectomy 
Near-total laryngectomy in advanced cancers of larynx and 
pyriform sinus: comparative study of morbidity and func- 
tional and oncological outcomes, 50 


Neck 
Extracapsular spread in ipsilateral neck and contralateral neck 
metastases in laryngeal cancer, 447 
Functional neck dissection for clinically negative neck: effec- 
tiveness and controversies, 169 
Sudden death after neck dissection for cancer, 115 
Nerve 
Comparison of various methods of electromyographic moni- 


Index 


1157 


toring of recurrent laryngeal nerve in thyroid surgery, 811 

Effect of substance P injection into nucleus tractus solitarius 
of rats on cricothyroid and thyroarytenoid motor activity 
and cardiovascular and respiratory systems, 875 

Electronic analysis of intrinsic laryngeal muscles 1n canine 
sound production, 542 

Glossopharyngeal neuralgia associated with aberrant internal 
carotid artery in oropharynx, 193 

Impact of vocal cord paralysis on cricoarytenoid joint, 896 

Incidence of regeneration of chorda tympani nerve after middle 
ear surgery, 357 

Measurement of electrically evoked compound action poten- 
tial via neural response telemetry system, 407 

Neuromuscular junction changes in aged rat thyroarytenoid 
muscle, 579 

Paraganglioma of cervical sympathetic trunk, 1087 

Pathophysiology of facial nerve paralysis induced by herpes 
simplex virus type 1 infection, 616 

Sensitivity and specificity of intraoperative recurrent laryn- 
geal nerve stimulation in predicting postoperative nerve pa- 
ralysis, 1005 

Swallowing and sensation: evaluation of deglutition in anes- 
thetized larynx, 291 

Vascular permeability to fluorescent substance in human cra- 
nial nerves, 736 

Waveform changes in antidromic facial nerve responses in pa- 
tients with Bell’s palsy, 128 


Neurofibromatosis 
Multiple and synchronous peripheral giant cell granulomas of 
gums, 751 


Neurohypophysis 
Granular cell tumor of pituitary fossa, 754 
Nimodipine 
Effects of nimodipine on salicylate ototoxicity, 1092 
Noise 
Impact of activities of Na*,K*-ATPase and Ca?*-ATPase in 


cochlear lateral wall on recovery from noise-induced tem- 
porary threshold shift, 842. 


Nose 

Antimicrobial defensin peptides of human nasal mucosa, 135 

Comparison of surgical outcomes in primary endoscopic dac- 
ryocystorhinostomy with and without silicone intubation, 
704 

Complications of intranasal prescription narcotic abuse, 174 

Electrically stimulated olfactory evoked potential in olfactory 
disturbance, 518 

Glucocorticoid-induced differential expression of sialylated 
and nonsialylated Lewis? epitopes and respective binding 
sites in human nasal polyps maintained under ex vivo tis- 
sue culture conditions, 1097 

High-dose glucocorticoids inhibit proliferation of rat olfac- 
tory epithelium, 909 

Immunohistochemical localization of subtypes of muscarinic 
receptors in human inferior turbinate mucosa, 593 

Lack of association between gene polymorphism of transport- 
ers associated with antigen processing and allergic rhinitis 
in Japanese population, 460 

Morphology of cricopharyngeal muscle in Zenker and control 
specimens, 573 

Nasal polyposis in children with cystic fibrosis: long-term 
follow-up study, 1081 

Osteocartilaginous differentiation of mucosal melanoma in 
sinonasal cavity, 1112 

Surgery of nasal columella in external valve collapse, 701 


M iU a 
* «^ 4 t 


1158 


Ultrasonography in nasal cavity filled with water during en- 
doscopic sinus surgery, 836 


Obituary 
David G. Hanson, MD, 1943-2002, 954 


Obstruction 
Acoustic analysis of upper airway obstruction in excised hu- 
man larynx, 738 
Occipitopariétotemporal junction 
Congenital implantation cholesteatomas of occipitoparietotem- 
poral junction, 778 


Olfaction 

Electrically stimulated olfactory evoked potential in olfactory 
disturbance, 518 

High-dose glucocorticoids inhibit proliferation of rat olfac- 
tory epithelium, 909 

Isolated congenital agenesis of olfactory bulbs and tracts in 
child without Kallmann's syndrome, 657 

Postoperative olfaction in chronic sinusitis: smokers versus 
nonsmokers, 1054 


Omeprazole 
Prospective study on incidence of chronic ear complaints re- 
lated to gastroesophageal reflux and on outcome of anti- 
reflux therapy, 933 


Orthostatic test 
Clinical study of acute low-tone sensorineural hearing loss: 
survey and analysis of glycerol test and orthostatic test, 160 


Ossicle 
Cartilage interposition in ossiculoplasty with hydroxylapatite 
prostheses: histopathologic study in guinea pig, 364 
Malleus fixation: clinical and histopathologic findings, 246 


Osteogenesis imperfecta 
Hearing loss in Finnish adults with osteogenesis imperfecta: 
nationwide survey, 939 
Similar COL1AT] expression in fibroblasts from some patients 
with clinical otosclerosis and those with type I osteogene- 
sis imperfecta, 184 


Ostmann's fatty tissue 
Functional anatomy of tensor veli palatini muscle and Ost- 
mann's fatty tissue, 1045 


Otitis media . 
Auditory consequences of recurrent acute purulent otitis me- 
dia, 261 . 
Cellular proliferation of mucosa-associated lymphoid tissue 
with otitis media: preliminary study, 926 
Induction of mucous ceil metaplasia by tumor necrosis factor 
alpha in rat middle ear: pathological basis for mucin hyper- 
production in mucoid otitis media, 415 
‘Interference of nontypeable Haemophilus influenzae and Mo- 
raxella catarrhalis by Streptococcus oralis in adenoid or- 
gan culture: possible strategy for treatment of otitis-prone 
child, 696 


—. Lemon-flavored cod liver oil and multivitamin-mineral supple- 


_, ment for secondary prevention of otitis media in young chil- 
dren: pilot research, 642 


i», Otologic facial palsy: etiology, onset, and symptom duration, 


598 

Prospective study on incidence of chronic ear complaints re- 
lated to gastroesophageal reflux and on outcome of antire- 
flux therapy, 933 

Recent advances in otitis media. Report of Seventh Research 
Conference, suppl 188 


Otoacoustic emissions 
Effect of acoustic tumor extension into internal auditory canal 


on distortion-product otoacoustic emissions, 912 


Otolaryngology 
Internet resources available to otolaryngologists, 1139 


Otosclerosis 
Malleus fixation: clinical and histopathologic findings, 246 
Similar COL1A 1 expression in fibroblasts from some patients 
with clinical otosclerosis and those with type I osteogene- 
sis imperfecta, 184 


Ototoxicity 
Cisplatin-induced ototoxicity and pharmacokinetics: prelimi- 
nary findings in dog model, 745 
Effects of nimodipine on salicylate ototoxicity, 1092 


Oxygen 
Transtracheal oxygen catheters in pediatric population, 310 


Panel reports, Seventh Research Conference on Otitis Media 

Anatomy, cell biology, pathology, and animal models, suppl 
188:36 

Definitions, terminology and classification of otitis media, 
suppl 188:8 

Diagnosis and screening, suppl 188:95 

Epidemiology, natural history, and risk factors, suppl 188:19 

Microbiology and immunology, supp! 188:62 

Middle ear physiology and pathophysiology, suppl 188:26 

Molecular biology and biochemistry, suppl 188:52 

Treatment, complications, and sequelae, suppl 188:102 

Vaccine, suppl 188:82 


Papilloma 

Immortalization of normal adult human middle ear epithelial 
cells using retrovirus containing E6/E7 genes of human 
papillomavirus type 16, 507 

585-nm Pulsed dye laser treatment of glottal papillomatosis, 
486 

Survivin expression in juvenile-onset recurrent respiratory pap- 
illomatosis, 957 


Paraganglioma 
Paraganglioma of cervical sympathetic trunk, 1087 


Paralysis 

Bilateral vocal fold paralysis and adhesion in anterior spinal 
artery syndrome, 680 

Dysphagia and aspiration with unilateral vocal cord immobil- 
ity: incidence, characterization, and response to surgical 
treatment, 672 

Electrically stimulated glottal opening combined with adduc- 
tor muscle Botox blockade restores both ventilation and 
voice in patient with bilateral laryngeal paralysis, 500 

Impact of vocal cord paralysis on cricoarytenoid joint, 896 

Otologic facial palsy: etiology, onset, and symptom duration, 
598 

Pathophysiology of facial nerve paralysis induced by herpes 
simplex virus type | infection, 616 

Results of fascial augmentation in unilateral vocal fold pa- 
ralysis, 523 

Reversible lateralization of paralyzed vocal cord without tra- 
cheostomy, 21 

Role of medialization in improvement of breath control in uni- 
lateral vocal fold paralysis, 1026 

Sensitivity and specificity of intraoperative recurrent laryn- 
geal nerve stimulation in predicting postoperative nerve pa- 
ralysis, 1005 

Type I thyroplasty for acute unilateral vocal fold paralysis fol- 
lowing intrathoracic surgery, 667 


Parotid gland 
Primary parotid gland Hodgkin’s lymphoma, 338 


Partial laryngectomy : 
Larynx preservation with supracricoid partial laryngectomy 
with cricohyoidoepiglottopexy. Correlation of videostrobo- 
scopic findings and voice parameters, 1 


Peptide 
Antimicrobial defensin peptides of human nasal mucosa, 135 


Perilymph 
Perilymphatic pressure measurement in Meniere's disease, 653 


Pharmacokinetics 
Cisplatin-induced ototoxicity and pharmacokinetics: prelimi- 
nary findings in dog model, 745 


Pharynx 
Morphology of cricopharyngeal muscle in Zenker and control 
specimens, 573 


Phenotype 
Longitudinal and cross-sectional phenotype analysis in new, 
large Dutch DFNA2/KCNQ4 family, 267 


Phonation 

Cricothyroid approximation to elevate vocal pitch in male-to- 
female transsexuals: results of surgery, 477 

Effect of chronic electrical stimulation of laryngeal muscle on 
voice, 328 

Effects of voice therapy as objectively evaluated by digitized 
laryngeal stroboscopic imaging, 902 

Electrically stimulated glottal opening combined with adduc- 
tor muscle Botox blockade restores both ventilation and 
voice in patient with bilateral laryngeal paralysis, 500 

Electronic analysis of intrinsic laryngeal muscles in canine 
sound production, 542 

In vivo measurements of improved tracheostoma valve based 
on inbalation, 142 

Phonomicrosurgery in singers and performing artists: treat- 
ment outcomes, management theories, and future directions, 
suppl 190:21 

Results of fascial augmentation in unilateral vocal fold pa- 
ralysis, 523 

Role of medialization in improvement of breath control in uni- 
lateral vocal fold paralysis, 1026 l 

Surgical voice rehabilitation after laser surgery for glottic car- 
cinoma, 493 

Videostrobolaryngoscopy of mucus layer during vocal fold 
vibration in patients with laryngeal tension-fatigue syn- 
drome, 537 

Voice and treatment outcome from phonosurgical manage- 
ment of early glottic cancer, suppl 190:3 


Photography 

Digital photography of larynx, 603 
Pituitary fossa 

Granular cell tumor of pituitary fossa, 754 


Platinum 
Analysis of local recurrence in patients with selected T1- 
3NOMO squamous cell carcinoma of true vocal cord man- 
aged with platinum-based chemotherapy—alone regimen for 
cure, 315 


Polyp 

Expression of glucocorticoid receptors and cyclooxygenase-2 
in nasal polyps from nonallergic patients, 61 

Genotypic and phenotypic expression of vocal fold polyps and 
Reinke's edema: preliminary study, 302 

Glucocorticoid-induced differential expression of sialylated 
and nonsialylated Lewis? epitopes and respective binding 
sites in human nasal polyps maintained under ex vivo tis- 
sue culture conditions, 1097 


1159 


Nasal polyposis in children with cystic fibrosis: long-term 
follow-up study, 1081 


Prenatal imaging 
Prenatal magnetic resonance imaging of cervical lymphan- 
gioma for assessment of upper airway, 464 


Pressure 
Perilymphatic pressure measurement in Meniere's disease, 653 


Prevention 
Lemon-flavored cod liver oil and multivitamin-mineral supple- 
ment for secondary prevention of otitis media in young chil- 
dren: pilot research, 642 


Primary care 
Core Curriculum in Adult Primary Care 2001: Office Otolaryn- 
gology and Ophthalmology, 382 


Prostaglandin 
Complication-free laryngeal surgery after irradiation failure 
with prostaglandin E1 administration, 783 


Psammomatoid ossifying fibroma 
Aggressive psammomatoid ossifying fibroma, 466 


Quality of life 
Cochlear implantation in elderly: results and quality-of-life 
assessment, 890 


Quinine’ - 
Quinine affects response properties of compound action po- 
tentials elicited by periodic click trains, 423 


Radio frequency volume tissue reduction 
Effects of prednisone and ibuprofen on radio frequency vol- 
ume tissue reduction in rabbit model, 968 


Ramsay Hunt syndrome 
Audiological assessment in Ramsay Hunt syndrome, 68 


Rate of speech 
Contribution of speech rate to speech perception in multichan- 
nel cochlear implant users, 718 


Receptor upregulation 
Atrial natriuretic peptide receptor upregulation in rat inner ear, 
1040 x» 


Reconstruction 
Adenovirus-mediated ex vivo gene transfer of human vascu- 
lar endothelial growth factor in rabbit laryngotracheal re- 
construction model, 295 
Long-term results of sternohyoid myocutaneous rotary door 
flap for laryngotracheal reconstruction, 93 


Recurrence 
Analysis of local recurrence in patients with selected T1- 
3NOMO squamous cell carcinoma of true vocal cord man- 
aged with platinum-based chemotherapy-alone regimen for 
- cure, 315 


Reflux 
Extraesophageal reflux in patients with contact granuloma: 
prospective controlled study, 441 
Prospective study on incidence of chronic ear complaints re- 
lated to gastroesophageal reflux and on outcome of anti- 
reflux therapy, 933 


Regeneration 
Incidence of regeneration of chorda tympani nerve after middle 
ear surgery, 357 


Rehabilitation 
Surgical voice rehabilitation after laser surgery for glottic car- 
cinoma, 493 


1160 


Reinke's edema 
Genotypic and phenotypic expression of vocal fold polyps and 
Reinke's edema: preliminary study, 302 


Rejection 
Rat laryngeal transplant model: technical advancements and 
redefined rejection grading system, 1120 


Respiration 
Laryngeal-respiratory kinematics are impaired in aged rats, 
684 


Reverse transcriptase-polymerase chain reaction 
Detection of cytokeratins in normal and malignant laryngeal 
epithelia by means of reverse transcriptase~polymerase 
chain reaction, 149 


Revision 
Revision functional endoscopic sinus surgery, 155 


Rhinoscintigraphy 
Evaluation of nasal mucociliary clearance function in allergic 
rhinitis patients with technetium 99m-abeled macroaggre- 
gated albumin rhinoscintigraphy, 77 


Round window 
Isolated congenital round window absence, 799 


Rupture 
Membranous tracheal rupture in children following minor blunt 
cervical trauma, 197 


Salicylate 
Effects of nimodipine on salicylate ototoxicity, 1092 


Salivary duct. 
Submandibular diagnostic and interventional sialendoscopy: 
new procedure for ductal disorders, 27 


Scar 
Treatment of vocal fold scarring: rheological and histological 
measures of homologous collagen matrix, 884 


Schwannoma 
Is hearing preservation useful in vestibular schwannoma sur- 
gery? 392 
Second primary cancer 
Metachronous second primary cancers after successful partial 
laryngectomy for invasive squamous cell carcinoma of true 
vocal cord, 204 


Semicircular canal 
Early histopathologic changes after lateral semicircular canal 
transection and occlusion in guinea pigs, 402 


Sensation 
Swallowing and sensation: evaluation of deglutition in anes- 
thetized larynx, 291 


Sentinel lymph node 
Gamma probe accuracy in detecting sentinel lymph node in 
clinically NO squamous cell carcinoma of head and neck, 
794 


Sinus 

Bacteriology of acute and chronic sphenoid sinusitis, 1002 

Isolated sphenoid sinus disease: analysis of 122 cases, 323 

Local anesthesia with EMLA cream for maxillary sinus punc- 
ture, 80 

Osteocartilaginous differentiation of mucosal melanoma in 
sinonasal cavity, 1112 

Postoperative olfaction in chronic sinusitis: smokers versus 
nonsmokers, 1054 

Revision functional endoscopic sinus surgery, 155 

Ultrasonography in nasal cavity filled with water during en- 
doscopic sinus surgery, 836 


Washout of 133-xenon as objective assessment of paranasal 
sinus ventilation in endoscopic sinus surgery, 710 


Skull base 
Limitations to mobilizing intrapetrous carotid artery, 343 
Meningioma involving Meckel's cave: transpetrosal surgi- 
cal anatomy and clinical considerations, 850 


Smoking 
Postoperative olfaction in chronic sinusitis: smokers versus 
nonsmokers, 1054 


software Review 
Core Curriculum in Adult Primary Care 2001: Office Otolar- 
yngology and Ophthalmology, 382 


Speech 
Contribution of speech rate to speech perception in multi- 
channel cochlear implant users, 718 
Receptive and expressive language skills of children with 
five years of experience using cochlear implant, 802 


Stenosis 
Idiopathic subglottic stenosis revisited, 690 
Subglottic stenosis complicated by allergic esophagitis: case 
report, 57 


Stent 
Metallic tracheal stents: complications associated with long- 
term use in upper airway, 285 


Stimulation 
Sensitivity and specificity of intraoperative recurrent laryn- 
geal nerve stimulation in predicting postoperative nerve 
paralysis, 1005 l 


Sternohyoid myocutaneous rotary door flap 
Long-term results of sternohyoid myocutaneous rotary door 
flap for laryngotracheal reconstruction, 93 


Stroboscopy 
Effects of voice therapy as objectively evaluated by digitized 
laryngeal stroboscopic imaging, 902 


Substance P 
Effect of substance P injection into nucleus tractus solitarius 
of rats on cricothyroid and thyroarytenoid motor activity 
and cardiovascular and respiratory systems, 875 


Sudden sensorineural hearing loss 
Sudden sensorineural hearing loss: supporting immunologic 
theory, 989 


Suppression 
Effects of adding steroids, in vitro irradiation, or both to cy- 
closporine immunosuppression in murine laryngeal trans- 
plantation model, 455 


Supraretrospinal recess 
Lymphatic metastasis to supraretrospinal recess in laryngeal 
squamous cell carcinoma, 96 
Survivin 
Survivin expression in juvenile-onset recurrent respiratory 
papillomatosis, 957 


Suture l 
Glottal configuration, acoustic, and aerodynamic changes in- 
duced by variation in suture direction in arytenoid adduc- 
tion procedures, 861 


Swallowing 
Acoustic signature of normal swallow: characterization by 
age, gender, and bolus volume, 623 
Endoscopic botulinum toxin injection for cricopharyngeal 
dysphagia, 871 


Hyperviscoelasticity of epipharyngeal mucus may induce 
globus pharyngis, 1116 

Swallowing and sensation: evaluation of deglutition in anes- 
thetized larynx, 291 


Telangiectasia 
Topical estrogens combined with argon plasma coagulation 
in management of epistaxis in hereditary hemorrhagic te- 
langiectasia, 222 


Temporal bone 

Congenital implantation cholesteatomas of occipitoparieto- 
temporal junction, 778 

Early histopathologic changes after lateral semicircular ca- 
nal transection and occlusion in guinea pigs, 402 

Histopathologic study of temporal bones and eustachian tubes 
of children with cholesterol granuloma, 609 

Temporal bone histopathology in CHARGE association, 397 

Temporal bone morphometric study on eustachian tube and 
its associated structures in patients with chromosomal aber- 
rations, 722 


Temporary threshold shift 
Impact of activities of Na*,K*-ATPase and Ca?*- ATPase in 
cochlear lateral wall on recovery from noise-induced tem- 
porary threshold shift, 842 


Thyroid gland 
Comparison of various methods of electromyographic moni- 
toring of recurrent laryngeal nerve in thyroid surgery, 811 


Thyroplasty 
Type I thyroplasty for acute unilateral vocal fold paralysis 
following intrathoracic surgery, 667 


Timbre 
Effects of frequency, instrumental family, and cochlear im- 
plant type on timbre recognition and appraisal, 349 


Tinnitus 
Abrupt onset of sensorineural hearing loss and tinnitus in 
patient with capillary telangiectasia of pons, 855 


Tonsil 
Acute tonsillitis as first manifestation of post-transplant lym- 
phoproliferative disorder, 165 
Economic benefit of tonsillectomy in adults with chronic ton- 
sillitis, 983 


Trachea 

Membranous tracheal rupture in children following minor 
blunt cervical trauma, 197 

Metallic tracheal stents: complications associated with long- 
term use in upper airway, 285 

Noncontact three-dimensional laser measuring device for tra- 
cheoscopy, 821 

Simple on-line endotracheal cuff pressure relief valve, 190 

Transtracheal oxygen catheters in pediatric population, 310 


Tracheostoma 
Airflow resistance of heat and moisture exchange filters with 
and without tracheostoma valve, 333 
In vivo measurements of improved tracheostoma valve based 
on inhalation, 142 


Transplant 

Acute tonsillitis as first manifestation of post-transplant lym- 
phoproliferative disorder, 165 

Effects of adding steroids, in vitro irradiation, or both to cy- 
closporine immunosuppression in murine laryngeal trans- 
plantation model, 455 

Rat laryngeal transplant model: technical advancements and 
redefined rejection grading system, 1120 


1161 


Transsexualism 
Cricothyroid approximation to elevate vocal pitch in male- 
to-female transsexuals: results of surgery, 477 


Trauma 
Delayed presentation of lymphatic malformation of cervico- 
facial region: role of trauma, 828 
Membranous tracheal rupture in children following minor 
blunt cervical trauma, 197 


Tuberculosis 
Laryngeal tuberculosis: report of 15 cases, 916 


Tumor necrosis factor alpha 
Induction of mucous cell metaplasia by tumor necrosis fac- 
tor alpha in rat middle ear: pathological basis for mucin 
hyperproduction in mucoid otitis media, 415 


Turbinate 
Immunohistochemical localization of subtypes of muscarinic 
receptors in human inferior turbinate mucosa, 593 


Tympanic membrane 
Induction of growth factor expression is reduced during heal- 
ing of tympanic membrane perforations in glucocorticoid- 

treated rats, 947 


Ultrasonography 
Ultrasonography in nasal cavity filled with water during en- 
doscopic sinus surgery, 836 


Unilateral vocal fold paralysis 
Dysphagia and aspiration with unilateral vocal cord immobil- 
ity: incidence, characterization, and response to surgical 
treatment, 672 
Type I thyroplasty for acute unilateral vocal fold paralysis fol- 
lowing intrathoracic surgery, 667 


Unloaded shortening velocity 
Unloaded shortening velocity and myosin heavy chain varia- 
tions in human laryngeal muscle fibers, 120 


Usher syndrome 
Hearing loss in Usher syndrome type II is nonprogressive, 
1108 


Valve ij 
Surgery of nasal columella in external valve collapse, 701 


Vascular system 

Abrupt onset of sensorineural hearing loss and tinnitus in pa- 
tient with capillary telangiectasia of pons, 855 

Adenovirus-mediated ex vivo gene transfer of human vascu- 
lar endothelial growth factor in rabbit laryngotracheal re- 
construction model, 295 

Sensorineural hearing loss with intracranial venous malfor- 
mations in Klippel-Trenaunay syndrome, 558 

Vascular occlusion in endolymphatic sac in Meniere's disease, 
237 

Vascular permeability to fluorescent substance in human cra- 
nial nerves, 736 


Vertigo 
Evaluation of vertigo by auditory brain stem response, 730 
The three faces of vestibular ganglionitis, 103 


Vestibule 
Distal renal tubular acidosis associated with isolated large ves- 
tibular aqueduct and sensorineural hearing loss, 385 
Is hearing preservation useful in vestibular schwannoma sur- 
gery? 392 
The three faces of vestibular ganglionitis, 103 


Virtual bronchoscopy 
Pediatric virtual bronchoscopy, 281 


1162 


Virtual laryngotracheal endoscopy 
Virtual laryngotracheal endoscopy based on geometric surface 
modeling using spiral computed tomography data, 36 
Virus 
Association of Epstein-Barr virus and nasopharyngeal carci- 
noma in Caucasian patients, 210 
Immortalization of rat eustachian tube epithelial cells by ad- 
enovirus 12-simian virus 40 hybrid virus, 919 
Pathophysiology of facial nerve paralysis induced by herpes 
simplex virus type 1 infection, 616 
Vision 
Hearing loss in Usher syndrome type II is nonprogressive, 
1108 


Vocal fold 

Age-related changes of collagenous fibers in human vocal 
fold mucosa, 15 

Functional definitions of vocal fold geometry for laryngeal 
biomechanical modeling, 83 

Instability of extracellular matrix gene expression in primary 
cell culture of fibroblasts from human vocal fold lamina 
propria and tracheal scar, 8 

Phonomicrosurgery in singers and performing artists: treat- 
ment outcomes, management theories, and future directions, 
suppl 190:21 

Reversible lateralization of paralyzed vocal cord without tra- 
cheostomy, 21 i 


Treatment of vocal fold scarring: rheological and histologi- 
cal measures of homologous collagen matrix, 884 


Vocal process 
Fiberoptic laryngeal surgery for vocal process granuloma, 
789 


Voice 

Comparison of microbial composition of voice prosthesis bio- 
films from patients requiring frequent versus infrequent 
replacement, 200 l 

Effects of voice therapy as objectively evaluated by digitized 
laryngeal stroboscopic imaging, 902 

Phonomicrosurgery in singers and performing artists: treat- 
ment outcomes, management theories, and future directions, 
suppl 190:21 

Voice and treatment outcome from phonosurgical manage- 
ment of early glottic cancer, suppl 190:3 


Wound 
New-generation pulsed carbon dioxide laser: comparative ef- 
fects on vocal fold wound healing, 471 


Xenon 
Washout of 133-xenon as objective assessment of paranasal 
sinus ventilation in endoscopic sinus surgery, 710 


Zenker's diverticulum 
Morphology of cricopharyngeal muscle in Zenker and con- 
trol specimens, 573 


AMERICAN OTOLOGICAL SOCIETY RESEARCH FUND 
RESEARCH GRANT AWARDS AND TRAINING FELLOWSHIPS 


To Study Otosclerosis, Meniere' s Disease, and Related Disorders 


July 2003 — June 2004 


The American Otological Society, Inc, through its Research Fund, is offering Research Grant Awards and full-time 
Research Training Fellowships to study otosclerosis, Meniere's disease, and related ear disorders in United States or 
Canadian institutions only, July 2003—June 2004. Proposals may include investigations of the management and 
pathogenesis of these disorders and underlying processes. 


Research Grants: Available to physician and non-physician investigators; renewable annually for a maximum of 
$40,000 per year; no funding for investigator's salary. 


Research Training Fellowships: For physicians only (residents and medical students), fellowship will support 1-2 
years' full-time research conducted outside of residency training. Applications must be accompanied by sponsoring 
institution documentation stating that facilities and faculty are appropriate for requested research. 


Deadline: Applications must be postmarked by January 31, 2003. 


Information and materials may be obtained from: 


Jeffrey P. Harris, MD, PhD, Secretary-Treasurer 
Research Fund of the American Otological Society, Inc 
UCSD Division of Otolaryngology-Head and Neck Surgery 
200 W Arbor Dr, 8895 
San Diego, CA 92103-8895 
Telephone (619) 543-7896; Fax (619) 543-5521 
E-mail: jpharris@ucsd.edu A67 





ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


ANNOUNCEMENT RATES 

- Quarter page: < $220 | 
. Half page . - 370 
~ Foll page ` ^ 645 


Material 1 mist be redéived 30 days pio to the month of i issue; eg, for the. Renmin issue the due date is 
January 1. E 


| CHANGE OF ADDRESS 


Addis dae must E received 45 days' prior to the effective date so that your subscription will be 
received without interruption. -. | "E | 


CLAIMS. 


Claims: for’ missin ae issues must be jeteied within d days! of the month of puoucanon for the United States 
and G zanada, and 180 days for other countries. : m . | 


'- Annals Publishing ad 
AMENS CD. |. 4507 Laclede Avenue. 
|J X - NN n ‘St Louis, MO 63108 ` 
p m i EE 314) 367-4987 
po x a: ; E-mail: 0-0 CON 


7a 








ANNALS SUPPLEMENTS 


Still in Stock - Order Now 


Supplement 185, December 2000 
Seventh Symposium on Cochlear Implants 
in Children 
Price $21.00 
(128 pages; Gantz, Tyler, and Rubinstein, eds) 


Supplement 186, May 2001 | 
Analysis of the Suprabullar and Retrobullar 
Recesses for Endoscopic Sinus Surgery 
Price $7.50 
(16 pages; Bolger and Mawn) 


Supplement 187, July 2001 
Activity of Laryngeal Afferents During 
Respiration, Evoked Vocalization, and 

Paralysis 
Price $7.50 
(32 pages; Clark & Farmer) 


Supplement 188, March 2002 
Recent Advances in Otitis Media 

Price $21.00 

(128 pages; Lim, Bluestone, & Casselbrant, eds) 

Supplement 189, May 2002 
Eighth Symposium on Cochlear Implants 

in Children 
Price $23.50 

(144 pages; Luxford, Eisenberg, & Winter, eds) 























Supplement 190, December 2002 
Voice and Treatment Outcome From Phonosurgical 
Management of Early Glottic Cancer: 
Phonomicrosurgery in Singers and Performing 
Artists: Treatment Outcomes, Management 
Theories, and Future Directions 
Price $10.50 
(40 pages; Zeitels et al) 












Supplement(s) desired: # 







Sendto: | . 
























Order from: 
Annals Publishing Company 
4507 Laclede Avenue 
St Louis, MO 63108 


Payment must be enclosed with order. 
Mastercard, Visa, American Express, 
or check (US funds only) 











INDEX TO ADVERTISERS 


American Otological Society, Inc 7a 
2a, 7a, 8a 


Annals Publishing Company 


Endocraft LLC cover 2 


lowa, University of Sa, cover 3 


Jedmed Instrument Company 2a 
Magan Medical Clinic, Inc 2a 
Pittsburgh, University of Sa 


Santa Barbara Medco. Inc cover 4 


Every precaution is taken to ensure accuracy, but we 
cannot guarantee against the possibility of an occasional 
change or omission in the preparation of this index. 











36th Annual IOWA Head and Neck Cancer & Reconstructive Surgery Course 








Tuesday, June 10 - Saturday, June 14, 2003 


This 5-day course, designed for both residents and practicing head and neck surgeons, provides a comprehensive review 
of current techniques in the management and reconstruction of head and neck neoplasms. Areas covered include treat- 
ment of salivary gland, oral cavity, oropharyngeal, laryngeal, paranasal sinus, and thyroid carcinomas. Cadaver dissection 
under the supervision of the faculty includes practical application of local, myocutaneous, and free flaps. Saturday will be 
devoted to a comprehensive head and neck trauma management course. A certificate of participation is provided following 
successful completion of the course. 


Course Director: Henry T. Hoffman, MD 

Assistant Course Directors: Gerry F. Funk, MD; Scott M. Graham, MD; Russell B. Smith, MD; Douglas K. Trask, MD 

International Guest Faculty: Chung-Hwan Baek, MD Seoul, Korea 

Guest Faculty: David J. Arnold, MD Miami, Florida 
Paul W. Flint, MD Baltimore, Maryland 
Eric M. Genden, MD New York, New York 
Timothy M. McCulloch, MD Seattle, Washington 
James L. Netterville, MD Nashville, Tennessee 
Mark L. Urken, MD New York, New York 
Randal S. Weber, MD Philadelphia, Pennsylvania 
Robert P. Zitsch Ill, MD Columbia, Missouri 


Fee $1,600.00 * 39+ hours CME credit * Enrollment limited to 60 participants 
[$1,000.00 for residents with a letter from their department head] 


11th Annual IOWA Head and Neck Laser Course 














Sunday, June 8 - Monday, June 9, 2003 


This 2-day course includes lectures and laboratory sessions addressing the physics, safety, and clinical applications of 
lasers used for head and neck surgery. An animal laboratory and a temporal bone laboratory will provide "hands-on 
experience for laser management of oral cavity, oropharyngeal, laryngeal, tracheal, and otologic pathology with CO2, 
Nd-YAG, and argon lasers. A certificate of participation is provided following successful completion of the course 


Course Directors: Douglas K. Trask, MD; Nancy M. Bauman, MD 

Assistant Course Directors: Al S. Aly, MD; Benjamin B. Cable, MD; Kristi E. Chang, MD; Murad Husein, MD 
Ted A. Meyer, MD 

Guest Faculty: Prof. Dr. Petra Ambrosch Kiel, Germany 


Fee: $800.00 * 16.5 hours CME credit * Enrollment limited to 48 participants 
[$500.00 for residents with a letter from their department head] 








11th Annual IOWA Advanced Concepts in Endoscopic Sinus Surgery Course 








Friday, June 6 - Saturday, June 7, 2003 


This 2-day course includes lectures and laboratory sessions addressing advanced techniques and approaches in endo- 
scopic sinus surgery. A certificate of participation is provided following successful completion of the course. 


Course Directors: Scott M. Graham, MD; Richard J. H. Smith, MD 

Guest Faculty: William E. Bolger, MD, FACS Bethesda, Maryland 
Berrilyn J. Ferguson, MD Pittsburgh, Pennsylvania 
Jay M. Dutton, MD Chicago, Illinois 


Fee: $1,000.00 * 15.5 hours CME credit * Enrollment limited to 15 participants 
[$500.00 for lectures, materials, breakfast, lunch, and refreshments with no laboratory] 


_—— M - 
For further information regarding these courses, contact Henry T. Hoffman, MD, Dept of Otolaryngology. 
University of lowa Hospitals and Clinics, Ilowa City, IA 52242 * 319-356-2166 * Fax 319-356-454 


>: 
— —s———'"!"—""("!ZÉ[B—(ctU".(—OÓ———  —————— E —— —— d——————À—  B—— Àd— — 





EAR WAX REMOVALAID E i 
indication: For OG E d | 
Use asAn Remove : 





Lj BOTT 
VAR EVRING 


r d 





— 


Just say Physicians’ Choice: 


you Can turn to us. 


n wax removal to earplugs to headbands, you 
count on the most effective, comfortable 
]ucts for your patients’ ears. 


Santa 
Barbara 
Medco, Inc. 


Superior Ear Products Since 1980 


ymmending Physicians’ Choice is good 
1d advice. 





[TACT US FOR INFORMATION AND SAMPLES 
JUR PHYSICIANS’ CHOICE PRODUCT LINE 800/346-3326 * 805/963-5930 * 805/963-6129 FA 
www.sbmedco.com 


UPPLEMENT 190 — DECEMBER 2002 
Volume 111, Number 12, Part 2 


INNOVATIO! 


VOICE AND TREATMENT OUTCOME FROM PHONOS JRGIC 
MANAGEMENT OF EARLY GLOTTIC CANCEI 


STEVEN M. ZEITELS, MD 


ROBERT E. HILLMAN, PHD 
[RAMON A. dieu MD. 


MES, MANAGEMENT THEC 


EM © 
dd a = 


AND D FUTURE DIR ECTIONS e 


STEVEN V . ZEITELS, MD 
ROBERT E. pora xe 
ROSEMARY DE 


pIE 
"è 


darti 
by 


a et 
pr 


* ^» 
ee a — ^ 
LEX O 


n AT 
] 





CONTENTS 


Dri SRM REO LOST a ees E ae sa tn a ena eee dea Sas ET 2 


Voice and Treatment Outcome From Phonosurgical Management of Early Glottic Cancer 
Steven M. Zeitels, MD; Robert E. Hillman, PhD; Ramon A. Franco, MD; 
Gleni END M ————————— 3 


Phonomicrosurgery in Singers and Performing Artists: Treatment Outcomes, 
Management Theories, and Future Directions 
Steven M. Zeitels, MD; Robert E. Hillman, PhD; Rosemary Desloge, MD; _ 
Marcello Mauri, MD; Patricia B. Doyle, MA .i..ccccicccccccosssstosersascssdonsnsessovonscosescenaecesessensuersnsevevsovenssaccees 21 


DEDICATION 


This work is dedicated to Steven D. Gray, MD (1953-2002), whose pioneering efforts in 
the development of molecular biology of the larynx provided the inspiration and founda- 
tion for many concepts contained herein. His scientific vision has enabled laryngologists to 
construct directions for future discovery and strategies to solve yet-unanswered questions. 


This work was supported in part by the Demetre Souretis Research Fund. 


COPYRIGHT 2002, ANNALS PUBLISHING COMPANY, 4507 LACLEDE AVENUE, ST LOUIS, MO 63108 


INTRODUCTION 


Laryngology developed subsequent to the presen- 
tation "Observations on the Human Voice" (1855), 
by the opera maestro Manuel Garcia. Since then, 
there has been an inextricable linkage between laryn- 
gology and human voice production. A primary driver 
for the development of I9th-century laryngology was 
mirror-guided management of laryngeal airway ob- 
struction, primarily from infectious diseases of the 
upper aerodigestive tract. This emphasis continued 
into the early 20th century, when Kirstein, Killian, 
and Jackson popularized direct endolaryngeal sur- 
gery. However, the introduction of mass-produced 
cigarettes around 1910 led to a sharp increase in the 
incidence of laryngeal cancer, which became a criti- 
cal focus of the specialty. Although procedures to 
enhance the voice have been described since the in- 
ception of laryngology, the greatest emphasis has ap- 
propriately been on airway safety, swallowing func- 
tion, and the treatment of cancer. Many important 
problems in these areas have been solved by previ- 
ous generations of laryngologists. Phonosurgery has 
emerged at the forefront of laryngology because of 
the relatively recent convergence of scientific initia- 
tives in voice disorder physiology and advances in 
minimally invasive technology. 


The investigations reported in this publication rep- 
resent a decade of phonosurgical development with 
disparate patient populations and clinical problems. 
It was our impression that the critical algorithmic 
assessment and surgical planning inherent to onco- 
logical management could serve those who care for 
singers with lesions. Conversely, we thought that the 
finesse and ultraprecise techniques required for suc- 
cessful surgical treatment of vocalists could potential- 
ly benefit surgeons who manage early glottic cancer. 


In the first manuscript, entitled "Voice and Treat- 


N 


ment Outcome From Phonosurgical Management of 
Early Glottic Cancer,” techniques for phonosurgical 
excision and reconstruction are described along with 
outcome data on oncological efficacy as well as vo- 
cal function. Endoscopic excision and radiotherapy 
are similarly effective in achieving high cure rates 
(around 90%) for early glottic cancer. Therefore, a 
primary metric to judge the success of treatment is 
the vocal outcome. Resection methods to enhance 
voice preservation, along with new reconstructive 
techniques, enable a majority of patients with early 
unilateral glottic cancer to achieve a normal conver- 
sational-level voice. We hope that this investigation 
will catalyze a reappraisal of treatment paradigms 
for early glottic cancer, since a majority of patients 
are managed with irradiation, which is an invaluable 
single-use cancer treatment. 


In the second manuscript, “Phonomicrosurgery in 
Singers and Performing Artists: Treatment Outcomes, 
Management Theories, and Future Directions,” new 
concepts of vocal fold vibration are introduced in 
regard to physiological function and dysfunction. The 
clinical theories are based in part on Steven Gray’s 
seminal mvestigations into the layered microstruc- 
ture of the vocal fold. It is our hope that concepts 
that evolved from the clinical study of the anatomy 
and function of vocalists will serve to assist oto- 
laryngologists treating any patient with lesions of the 
vocal fold phonatory edge. The findings of both in- 
vestigations establish that loss of epithelial pliabil- 
ity is a primary determinant of dysphonia, and we 
believe that future initiatives to design a biosubstitute 
for the superficial lamina propria will be of benefit 
to a majority of patients with hoarseness. Phono- 
surgery is a dynamic subspecialty in otolaryngology 
with a rich heritage and an exciting future. 


Ann Otol Rhinol Laryngol 111:2002 


VOICE AND TREATMENT OUTCOME FROM PHONOSURGICAL 
MANAGEMENT OF EARLY GLOTTIC CANCER 
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Phonosurgical management of early glottic cancer has evolved considerably, but objective vocal outcome data are sparse. A 
prospective clinical trial was done on 32 patients with unilateral cancer (T1a in 28 and T2a in 4) who underwent ultranarrow-margin 
resection; 15 had resection superficial to the vocal ligament, and 17 deep to it. The subepithelial infusion technique facilitated 
selection of these patients for the appropriate procedure. All are cancer-free without radiotherapy or open surgery. Involvement of the 
anterior commissure (22/32) or the vocal process (15/32) of the arytenoid cartilage did not influence local control. Nine of 17 
patients had resection of paraglottic musculature, and all underwent medialization reconstruction by lipoinjection and/or Gore-Tex 
laryngoplasty. Eight of the 17 had resections deep to the vocal ligament, but without vocalis muscle, and 1 of the 8 underwent medial- 
ization. Posttreatment vocal function measures were obtained for all patients. A clear majority of the patients displayed normal values 
for average fundamental frequency (72%) during connected speech, and normal noise-to-harmonics ratio (75%) and average glottal 
airflow (91%) measures during sustained vowels. Smaller majorities of patients displayed normal values for average sound pressure 
level (SPL; 59%) during connected speech and for maximum ranges for fundamental frequency (56%) and SPL (59%). Fewer than 
half of the patients displayed normal values for sustained vowel measures of jitter (45%), shimmer (22%), and maximum phonation 
time (34%). Almost all patients had elevated subglottal pressures and reduced values for the ratio of SPL to subglottal pressure (vocal 
efficiency). There were significant improvements in a majority of patients for most vocal function measures after medialization 
reconstruction. Normal or near-normal conversation-level voices were achieved in most cases, regardless of the disease depth, by 
utilization of a spectrum of resection and reconstruction options. These favorable results are based on establishing aerodynamic 
glottal competency and preserving the layered microstructure of noncancerous glottal tissue. 


KEY WORDS — cancer, dysphonia, fat injection, glottis, hoarseness, laryngoplasty, lipoinjection, phonomicrosurgery, phono- 
surgery, stroboscopy, thyroplasty, vocal cord, vocal fold, voice. 


INTRODUCTION 


Solis-Cohen was probably the first to cure an early 
glottic cancer and did so by means of a transcervical 
partial laryngectomy in 1867.12 In 1886, Fraenkel? 
reported the first successful transoral (mirror-guided) 
treatment of an early vocal fold cancer. After Kir- 
stein^? popularized direct laryngoscopy and Killian® 
established the advantages of suspension laryngos- 
copy, Lynch’ published the first series of direct laryn- 
goscopic.early glottic cancer resections. Because of 
the advanced skill level that was required for effec- 
tive laryngoscopic management, open surgery and ra- 
diotherapy became the mainstays of treatment and 


to successfully narrow cancer margins. !4 Then, Zei- 
tels et all? described the subepithelial infusion tech- 
nique, which enhanced this concept further with both 
cold instrument and laser microflap resection.!® Con- 
vergence of phonosurgical theories of voice produc- 
tion with evolving microsurgical approaches culmi- 
nated in the phonomicrosurgical technique.!? The ini- 
tial pilot series of patients who underwent resection 
by this technique with ultranarrow margins was re- 
ported in 1996.18 


Presently, there seems to be frequent discussion 
about whether the ideal management of early glottic 
cancer is radiotherapy or CO2 laser treatment. This 


remained so through the 20th century. 


During the past 25 years, there was some expan- 
sion of the role of endoscopic management with the 
introduction of the CO2 laser by Jako, Strong, and 
Vaughan.5-17 Subsequent to describing the body-cov- 
er theory of vocal fold vibration,!? Hirano reported 
use of the CO2 laser for varying depths of resection 


perspective excludes cold instrument resection, which 
has phonatory advantages with superficial lesions, 7:19 
as well as new tissue manipulation paradigms. De- 
spite the fact the CO2 laser is essentially functioning 
as an efficient scalpel, advocacy of laser treatment 
indirectly implies that there is enhanced oncological 
effectiveness from this nonionizing radiation. To 
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Fig 1. Diagrammatic representations of subepithelial infusion in which there is A) no invasion and B) invasion of epithelial 
lesion into vocal ligament. (Reprinted with permission.?5) 


avoid confusion, it is suggested that general terms 
such as endoscopic, endolaryngeal, phonomicrosur- 
gical, or transoral resection be used with the addition- 
al qualifier of CO2 laser or cold instrument, etc. 


In the past several years, endoscopic medialization 
of the postresection healed neocord from these can- 
cer resections has been done by means of lipoinjec- 
tion” and/or Gore-Tex?! laryngoplasty?? to enhance 
the vocal outcome. Innovative phonosurgical man- 
agement of early glottic cancer comprises employ- 
ing ultranarrow margins during the resection and sub- 
sequently medializing the neocord, if it is excavated 
and associated with aerodynamic incompetence. This 
investigation examined the vocal outcome from the 
aforementioned combined excision and reconstruc- 
tion method, as well as the oncological efficacy of 
the ultranarrow-margin resection technique. 


METHODS 


Phonomicrosurgical Resection Technique. Wide 
exposure? of the glottal cancer field enhances en- 
doscopic resections and is achieved with the trian- 
gular lancet arch-shaped universal modular glotti- 






Vocal ligament 


Vocalis muscle 


scope.?”28 Placement of the largest examining specu- 
lum requires the use of a true suspension gallows® 29:30 
and results in elevated vector suspension. !7:25 Exter- 
nal counterpressure and internal distention also en- 
hance exposure.7325263! As necessary, portions of 
the lower supraglottis are resected with the CO? la- 
ser to facilitate exposure of the cephalad surface of 
the glottis.?2-?4 


Subepithelial saline-epinephrine infusion into Rein- 
ke's space (superficial lamina propria [SLP])!5:!7.26.34 
improves the preexcisional assessment of lesion depth 
(Fig 135) and assists the surgeon's technical execu- 
tion of the procedure in a number of ways. First, the 
infusion facilitates mucosal incisions by improving 
visualization of the lateral border of the lesion and 
by distending the SLP so that the overlying epithe- 
lium is under tension. Second, the infusion also in- 
creases the depth of the SLP, thereby facilitating less 
traumatic dissection in this layer and leading to re- 
generated epithelium that is more flexible. Third, the 
epinephrine and hydrostatic pressure of the infusion 
vasoconstrict the microvasculature in the SLP, there- 
by improving visualization and precise dissection. 





Fig 2. A) Diagram displays how surface vocal fold lesion may harbor variety of invasion patterns. B) Coronal section of vocal 
fold delineates depth of potential resection margins for vocal fold atypia and cancer. I — Dissection is performed just under- 
neath basement membrane with preservation of most of underlying superficial lamina propria (SLP); II — dissection is per- 
formed well within SLP, but does not include vocal ligament; III — dissection is performed between vocal ligament and 
vocalis muscle; IV — dissection is performed deep within vocalis muscle. (Reprinted with permission.??) 


Zeitels et al, Glottic Cancer 3 


J$: 
[/ 


E-i ‘a ay 
r RU , 


f * AE - 
ae ENESL M 
" m ao: 





H 


Fig 3. Original x7. A) Bilateral irregular lesions of superior and medial surfaces of vocal folds. There is TINOMO squamous 
cell carcinoma on left and keratosis with atypia on right. B) Subepithelial infusion of saline solution with 1/10,000 epinephrine 
has been done. C) Dissection within normal SLP is performed to encompass entire right lesion. Dissection on medial and 
subcordal surfaces has not begun. D) Left-sided lesion has been completely resected. Because of extension to anterior glottal 
commissure, right-sided lesion will require resection at second stage. (Reprinted with permission.^*) 


Finally, if a CO2 laser is used, the saline solution 
acts as a heat sink, decreasing thermal trauma to the 
normal vocal fold tissue. 


There are 4 basic procedures,!* which are based 
on the depth of excision (Fig 2?): 1) dissection just 
deep to the epithelial basement membrane in the su- 
perficial aspect of the SLP, for atypical epithelium 
and microinvasive cancer (Fig 354); 2) dissection 
within the deep aspect of the SLP, for microinvasive 
cancer that is more extensive but not attached to the 
vocal ligament (Fig 4); 3) dissection between the deep 
lamina propria (vocal ligament) and the vocalis mus- 
cle, for lesions that are attached to the ligament but 
not through it; and 4) dissection within the thyroary- 
tenoid (paraglottic) musculature, for lesions penetrat- 
ing the vocal ligament and invading the vocalis mus- 
cle (Fig 5?4). This algorithm can be adjusted and fine- 
tuned further by performing partial resections of any 
of the layered microstructure. The specimen is al- 
ways oriented for whole-mount histologic analysis, 
and frozen-section margin assessment is employed 
selectively to verify a complete excision. !7-!8 


If the dissection is performed within the SLP, cold 


instruments (Fig 4C) facilitate precise tangential dis- 
section around the curving vocal fold. This type of 
dissection cannot be done with the CO2 laser with- 
out causing unnecessary thermal trauma to the re- 
sidual SLP.!?.!? Cold instruments facilitate maximal 
preservation of the SLP, which allows for optimal 
pliability of the regenerating epithelium.!’:!” Dissec- 
tion between the vocal ligament and the vocalis mus- 
cle (Fig 5C) can be performed equally well with cold 
instruments alone or with the assistance of the CO? 
laser. Dissection within the muscle is performed most 
precisely with the CO2 laser (Fig 6B^*), which al- 
lows for improved visualization because of its he- 
mostatic cutting properties. 


Vocal Function Measures. A prospective vocal out- 
come assessment was done on 32 patients who un- 
derwent phonosurgical treatment of early glottic can- 
cer. Preoperative evaluations were obtained in most 
cases, but were of little value, since a variety of le- 
sion characteristics (ie, endophytic versus exophytic, 
location on the vocal fold, etc) affect vocal function 
but do not reflect oncological aggressiveness. The 
10 patients who had secondary phonosurgical recon- 
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Fig 4. Original x7. A) Professional orator had progressive hoarseness and keratotic lesion of right vocal fold. Infusion needle 
is seen. B) Upturned scissors is used to perform epithelial cordotomy, which serves as 1-mm perimeter margin. C) Left curved 
dissector is used to easily dissect lesion from residual normal SLP. D) Resection has been completed with maximal preserva- 
tion of normal SLP and normal epithelium. Note that there is still thin layer of remaining SLP overlying vocal ligament. 


(Courtesy of Endocraft LLC.) 


struction were also assessed during the time period 
between the initial surgical resection of their glottic 
cancer and the subsequent reconstruction, so that the 
impact of the reconstruction on vocal function could 
be evaluated. The voice evaluation consisted of vid- 
eoendoscopy with stroboscopy, as well as acoustic 
and aerodynamic measurements. The details of this 
protocol have previously been described.’ Because 
of the subjectivity of interpretive stroboscopy and 
Its associated shortcomings as an objective measure 
of vocal function,*’ data based on stroboscopic ob- 
servations are not included in this study. Subjective 
observations based on stroboscopic examinations are 
referred to in the Discussion. 

Data from the final assessments were compared 
descriptively to historical norms to examine the ex- 
tent to which patients' postoperative voice measures 
approximated normal function. Prereconstruction and 
postreconstruction assessment measures for the 10 
patients with reconstruction were compared by paired 
t-tests (p € .01) to evaluate whether reconstruction 
had a significant impact on vocal function. 

After the final operative procedure for each pa- 


tient, a determination was made about the need for 
voice therapy. Ten of the 32 patients received short- 
term therapy (average, 2 or 3 sessions) to reduce un- 
necessary persistent or residual vocal hyperfunction 
and to enhance vocal fold entrainment (eg, reduce or 
eliminate diplophonia, etc). 


RESULTS 


Surgical and Oncological Data. Thirty-two pa- 
tients (28 with Tla cancer and 4 with T2a cancer) 
underwent phonomicrosurgical excision of unilateral 
early glottic cancer. The mean follow-up was 66 
months, and all of the 32 patients have had more than 
2 years of follow-up. No patient had invasion of the 
cricoarytenoid joint. There was | microinvasive re- 
currence with the ultranarrow-margin microsurgical 
approach.!* That patient underwent a second endo- 
scopic resection without vocal deterioration and has 
been free of cancer for 37 months. 


All patients underwent subepithelial infusion, 
which facilitated 1) assessment of the depth of inva- 
sion and the volume of the lesion and 2) a microflap 
resection superficial to the vocal ligament within the 
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Fig 5. A) Vestibular fold has been resected to provide excellent exposure of right vocal fold cancer (original x4). B) Prior 
lesion is seen at higher magnification (original x7). C) Lesion was attached to vocal ligament, and therefore, resection pro- 
ceeds with cold instrument dissection between vocal ligament and vocalis muscle (original x7). Lesion is retracted medially 
and caudally through glottal aperture. D) Right vocal fold cancer has been resected en bloc so that very little of vocal muscle 
is disturbed and vocal ligament is used as margin (original x7). Right neocord is remarkably well contoured, considering 


extent of resection. (Reprinted with permission.) 


SLP in 15 of the 32 patients. Seventeen lesions re- 
quired a resection margin deep to the vocal ligament. 
Nine of the 17 underwent paraglottic muscle resec- 
tion as well, and all 9 had phonosurgical reconstruc- 
tion. Of the 8 who underwent resection just under- 
neath the vocal ligament, | underwent phonosurgical 
reconstruction (see Table). 


Twenty-two of the 32 lesions required resection 
of the epithelium overlying the anterior commissure 
tendon, and in a majority, the tendon was included. 
Fifteen of the 32 required resection of the epithe- 
lium overlying the arytenoid vocal process, and in a 
majority, the cartilage was included. Anterior and/or 
posterior surface involvement did not influence lo- 
cal control, as no patient underwent an open laryn- 
gectomy or radiotherapy. Twelve of the 32 patients 
underwent laser resection of a portion of the supra- 
glottis to adequately expose the cancer before its ex- 
cision. 


Vocal Function Measures. The results for all acous- 
tic and aerodynamic measures from the final postop- 


erative assessments are displayed in Figs 7-10. Indi- 
vidual patients are coded according to depth of the 
initial surgical resection: A, SLP; B, vocal ligament: 
and C, vocalis muscle. In addition, prereconstruction, 
as well as postreconstruction, measures for the sub- 
set of 10 subjects who underwent secondary surgi- 
cal reconstruction subsequent to the initial cancer re- 
section are also shown. 


The results of acoustic assessment of average fun- 
damental frequency (F0) and sound pressure level 
(SPL) for oral reading are shown in Fig 7 for men 
and women separately. At the final assessment, 19 
of the 26 men (73%) and 4 of the 6 women (67%) 
displayed FO values that fell within normal limits 
(72% overall), and 15 of the men (58%) and 4 of the 
women (67%) had normal SPL values (59% over- 
all). Four of the 8 men with secondary reconstruc- 
tion displayed an abnormally high Fo before recon- 
struction, with 3 of the 4 attaining a normal value 
after reconstruction. Six of the 8 men (75%) and both 
women with secondary reconstruction (10056) had 
reduced SPL values before reconstruction. Five of 
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Fig 6. A) Patient presented with previous biopsy (original x7). Pathology revealed spindle cell carcinoma or carcinosarcoma. 
There was no substantive mucosal wave. Full length of that vocal fold was uncharacteristically rigid to palpation during 
laryngoscopy. B) Perimeter incision around thyroarytenoid muscle and its overlying mucosa is made with microspot CO? laser 
(original x4). C) Thyroid cartilage is seen at edge of carbonization on left (original x7). Biopsy is done to ensure clear deep 
margins. D) Resected specimen had submucosal disease. (Reprinted with permission.??) 


these 6 men and both women showed postreconstruc- 
tion increases in SPL, with 3 of the men and both 
women attaining normal values. The postreconstruc- 
tion increase in SPL for the entire group was signifi- 
cant at the p = .006 level (t-test; 9 df). 


The results for voice quality—related measures of 
F0 perturbation ( jitter), amplitude perturbation (shim- 
mer), and noise-to-harmonics ratio (NHR) for sus- 
tained vowels are shown in Fig 8 for the entire group 
of 32 patients. At the final assessment, 14 patients 
(44%) displayed normal jitter values, 7 (22%) had 
normal shimmer values, and 24 (7596) had NHR val- 
ues that fell within normal limits. All 10 reconstructed 


PHONOSURGICAL RECONSTRUCTION METHOD 
No. With 

No. of No. With Medialization 

Patients Lipoinjection Laryngoplasty 








Depth of Resection 





Superficial lamina 15 0 0 
propria 

Ligament 8 0 | 

Muscle 9 7 5 

Total 34 7 6 





patients displayed abnormal values for jitter and 
shimmer, and 7 had elevated NHR measures before 
reconstruction. (Note: prereconstruction phonation for 
subject C6 was too aperiodic to measure.) All of these 
patients showed reductions toward the normal ranges 
for all 3 measures after reconstruction, with 3 attain- 
ing normal jitter levels, | displaying normal shim- 
mer, and 5 having normal NHR values. Subject C6 
displayed phonation that was periodic enough to as- 
sess after reconstruction, with slightly elevated lev- 
els for all 3 measures. The postreconstruction reduc- 
tions in all 3 measures were significant at the p € .01 
level (r-test; 9 df). 

The results for the maximum-range tasks are shown 
in Fig 9. At the final assessment, 13 of the 26 men 
(5096) and 5 of the 6 women (83%) had normal maxi- 
mum FO range capability (56% overall). In the recon- 
structed group, 5 of the 8 men and | of the 2 women 
had reduced FO ranges before reconstruction. Eight 
of the 10 reconstructed patients (80%) showed in- 
creases in FO range after reconstruction, with 6 of 
the 10 (60%) attaining normal values. The postrecon- 
struction increase for the group was significant at 
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Fig 7. Results for acoustic measures of average A,B) fundamental frequency (Fo) and C,D) sound pressure level (SPL) for 
reading. Patient codes: A — SLP resection; B — ligament resection; C — muscle resection. 


the p = .008 level (t-test; 9 df). Nineteen of the 32 
patients (5996) displayed normal maximum SPL range 
values at the final assessment. For the reconstructed 
group, 8 of the 10 (80%) had reduced SPL range val- 
ues before reconstruction, with all 10 patients show- 
ing postreconstruction increases, and 7 (70%) reach- 
ing the normal threshold. The postreconstruction in- 
crease in maximum SPL range for the group was sig- 
nificant at the p € .000 level (t-test; 9 df). Finally, 8 
of 23 men (40%; data missing for 3 men) and 2 of 
the 6 women (33%) displayed normal maximum pho- 
nation times at the final assessment. In the recon- 
structed group, 8 of the 10 (80%) had an increase in 
phonation time after reconstruction, with 5 (50%) dis- 
playing normal values. The postreconstruction in- 
crease in phonation time for the group was not sta- 
tistically significant (p = .026; r-test; 9 df). 


The results for the aerodynamic measures are 
shown in Fig 10. Twenty-three of the 26 men (88%) 
and all 6 women (100%) displayed normal average 
airflow rates at the final assessment (91% overall). 
In the reconstructed group, 3 of the 8 men (38%) and 
both women (100%) had increased airflow rates be- 
fore reconstruction, with all 5 showing reductions in 
airflow, and 4 attaining normal values after recon- 
struction. The reduction in airflow rates for the group 
was not significant (p = .132; r-test; 9 df). Given the 
strong relationship between subglottal pressure and 
SPL, it is more meaningful to assess subglottal pres- 
sure relative to SPL.?5 Thus, subglottal pressure val- 
ues are plotted versus SPL for individual patients at 
the final assessment (Fig 10C) and for the prerecon- 
struction and postreconstruction assessments (Fig 
10D). Also shown on each graph is a line (positive 
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slope) representing the average normal relationship 
between subglottal pressure and SPL. At the final 
assessment, 28 of the 32 patients (88926) displayed 
data values that were clearly above the normal line, 
indicating a tendency to use higher than normal sub- 
glottal pressures to attain the measured SPL values. 
As compared to the prereconstruction measures, the 
postreconstruction values for 8 of the 10 patients 
showed migration toward the normal line, indicating 
a reduction in the subglottal pressures used to pro- 
duce given SPL outputs, ie, an increase in vocal effi- 
ciency. The decrease in subglottal pressure (p = .004; 
t-test; 9 df) and the increase in SPL-subglottal pres- 
sure ratio (p = .006; t-test; 9 df) were both shown to 
be statistically significant. 


DISCUSSION 


Philosophy of Management: Disease Assessment 
and Phonomicrosurgical Resection. A primary pa- 
rameter by which the clinician should judge the suc- 





Fig 8. Results for acoustic measures of À) jitter, B) shimmer, 
and C) noise-to-harmonics ratio for entire group. 
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cess of the treatment of early glottic cancer is the 
vocal outcome, since any adequate treatment (endo- 
scopic or transcervical excision, radiotherapy) results 
in a cure rate of around 85% to 90%.°? Recently, lar- 
yngologists have incorporated physiological princi- 
ples of laryngeal sound production into the design 
of the surgical oncological management (both resec- 
tion and reconstruction). 


A key goal of the endoscopic management of T1 
glottic cancer is to narrow the cancer-free margin to 
minimize patient morbidity while not altering the cure 
rate. Alternatively stated, the disease must be eradi- 
cated with maximal preservation of the vocal folds' 
normal layered microstructure. In this study, employ- 
ment of ultranarrow margins resulted in an accept- 
able 396 rate of local recurrence. Furthermore, no pa- 
tient required an open resection or irradiation to con- 
trol the disease. The magnification provided by the 
surgical microscope is used routinely to provide a 1- 
mm surface margin (Fig 1B) at the perimeter of the 
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Fig 10. Results for aerodynamic measures of A,B) average glottal airflow and C,D) SPL-subglottal pressure ratio. In D, 
asterisks indicate prereconstruction values and solid dots indicate postreconstruction values. 


lesion. In the phonomicrosurgical model, a 1- to 2- 
mm-deep margin is used as well. These procedures 
precisely accommodate a narrow, deep resection mar- 
gin based on the depth of invasion (invisible third 
dimension). 


One of the most important features of the subepi- 
thelial infusion technique!>-!’ is that it has been in- 
strumental in identifying which lesions are still con- 
fined to the SLP (Figs 1A, 3A-C, and 4A-C), the rate 
of which was surprisingly around 50% in this study. 
This meant that these lesions could be effectively 
resected superficial to the vocal ligament with mini- 
mal vocal disturbance subsequent to healing and epi- 
thelialization. In this investigation, none of the 15 
patients who had an SLP resection underwent phono- 
surgical reconstruction. This is consistent with the 
findings of Lu et al** and Delsupehe et al,4° who re- 
ported that the perceptual vocal outcome was excel- 


lent in those patients who could undergo an SLP re- 
section. 


A small amount of extra tissue that is excised with 
the deep margin can have a profound effect on the 
vocal outcome, while not necessarily improving the 
cure rate. This is especially so for those lesions that 
minimally invade the SLP. It was quite remarkable 
that despite the aggressive surface appearance (Fig 
4A) of many lesions with poor mucosal wave propa- 
gation,?/ almost 50% could be resected superficial 
to the vocal ligament. As has been previously dem- 
onstrated in keratosis with atypia,!" the magnified 
appearance of a lesion’s surface does not necessar- 
ily reflect the severity of the disease. 


In a blinded study, it was recently demonstrated 
that stroboscopy was not reliable in distinguishing 
keratosis with atypia from cancer, and was only mar- 
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Fig 11. A) Healed defect subse- 
quent to resection of left vocal 
fold cancer, which was invading 
vocalis muscle. B) Gore-Tex me- 
dialization of excavated vocal 
fold edge. C) Lipoinjection meth- 
od of medialization. D) Subluxa- 
tion of thyroid laminae. (Reprint- 
ed with permission.?!) 


ginally helpful in determining the depth of cancer 
invasion.?7 The most valuable asset of stroboscopy 
in the evaluation of dysplasia and cancer of the glot- 
tis is the determination of the pliability of vocal fold 
epithelium that is without disease, since this soft tis- 
sue will be primarily responsible for posttreatment 
vocal fold vibration and the resultant vocal quality. 
Careful assessment of the functioning SLP underly- 
ing the uninvolved epithelium allows the clinician 
to prognosticate the vocal outcome from the cancer 
treatment. It is not unusual for patients with T1a glot- 
tic cancer to have abnormal contralateral mucosal 
waves as a result of long-term phonotrauma related 
to their personality or vocation. Furthermore, phona- 
tion with a neoplastic lesion typically leads to hyper- 
function, high subglottal pressures, and increased col- 
lision trauma. Most likely, patients with early glottic 
cancer have had prior atypia and therefore have prob- 
ably had a glottal lesion for years, not to mention the 
other long-term negative effects of smoking and other 
environmental abuses on the vocal folds. 


Given the various factors that can contribute to 
degraded vocal function in this patient cohort, the 
use of available normative data for comparison pur- 
poses clearly creates a bias toward finding abnormal 
results for the glottic cancer group, regardless of treat- 
ment modality. The use of control data from a group 





Normal Right 
vocal edge 


of subjects matched not only for age, but also for 
smoking history, vocation, voice use profile, etc, 
would probably enable better isolation of the effects 
of the cancer and its treatment on vocal function. We 
have previously described a similar control group 1s- 
sue with respect to evaluating vocal outcomes in pa- 
tients undergoing surgical treatment for Reinke's ede- 
ma.*! 


Phonomicrosurgical Postresection Vocal Outcome. 
Regardless of treatment modality, there is subsequent 
unavoidable stiffness of previously cancerous vocal 
fold epithelium, and the dominant oscillator becomes 
the contralateral SLP and overlying epithelium. The 
laryngologist can precisely accommodate a microcon- 
trolled excision to the 3-dimensional characteristics 
of the vocal fold cancer. Therefore, the graded resec- 
tion approach that was suggested by Hirano et al* 
and Koufman*? was developed further.! /.!* If glottal 
closure and aerodynamic efficiency are maintained, 
the plasticity of the vocal system (ie, increasing sub- 
glottal pressure) can usually compensate to achieve 
a normal or near-normal conversational-level voice. 
Unlike irradiation,^^ phonomicrosurgery avoids trau- 
ma to the layered microstructure of the uninvolved 
contralateral fold, which is ultimately the primary 
glottal sound source. Furthermore, the mucosal sac- 
cular glands are less affected by surgery. 
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Fig 12. A) Patient has undergone phonomicrosurgical resection of left Tla carcinoma and now has excavated vocal fold in 
musculomembranous region (original x4). B) Brunings injection needle is placed lateral to concavity in paraglottic space 
(original x4). C) Vocal fold has been augmented with fat (original x4). Small amount of graft is extruding from puncture site 
and should be removed with cold instruments to avoid granuloma. Note new convexity of vocal fold. D) Image in C at higher 


magnification (original x7). (Reprinted with permission.??) 


When the surgical dissection is confined to the SLP 
in one vocal fold, the perceptual impression of the 
resulting voice usually approximates normal if the 
contralateral vocal fold is normal. Stroboscopy of- 
ten reveals that there is some mucosal wave propa- 
gation as a result of preserving some residual SLP. 
We have not seen evidence that the pliable SLP re- 
generates after removal in the way that epithelium 





does. Epithelium assumes the viscoelastic properties 
of the tissues underlying it, which is the soft tissue 
that is preserved. If the cancer margin is confined to 
the SLP, most patients can comfortably increase sub- 
glottal driving pressures to achieve function that ap- 
proximates normal voice at conversational levels, 
both in terms of subjective perception and objective 
measures. For example, a clear majority of the “SLP” 


Fig 13. A) Diagrammatic repre- 
sentation of how cancer spreads 
around anterior commissure ten- 
don to invade thyroid cartilage. 
(Reprinted with permission.*>) B) 
Old laryngectomy specimen. Pa- 
tient failed radiotherapy and had 
severe pulmonary compromise. 
Diffuse soft tissue invasion ceph- 
alad and caudal to anterior com- 
missure tendon correctly por- 
tended thyroid cartilage invasion. 
(Reprinted with permission.**) 
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Inner perichondrium 





Superficial lamina propria 


Fig 14. Diagrammatic representation of anterior com- 
missure tendon. (Reprinted with permission.??) 


patients in this study had normal values for average 
F0, NHR, and average glottal airflow. Fewer of the 
SLP patients attained normal levels of function when 
attempting maximum performance tasks (phonation 
time, F0, and SPL ranges) outside of the conversa- 
tional range. For the additional voice quality—related 
measures that did not show normal values for a ma- 
jority of SLP patients (jitter and shimmer), it is im- 
portant to note that aside from a few exceptions, most 
of the abnormal values fell relatively close to the nor- 
mal threshold that was used. 


After a resection of the vocal fold epithelium and 
its underlying laminae propria (SLP and vocal liga- 
ment), the healed neocord is usually smooth and vari- 
ably concave, depending on the magnitude of liga- 
ment and/or muscle resection. Those patients who 
require only the vocal ligament to be resected as a 
deep margin typically heal with a smooth and straight 
vocal edge; however, there is unavoidable loss of epi- 
thelial pliability. If postsurgical excavation of the vo- 
cal edge does not occur, the vocal function resembles 
that following an SLP dissection. However, in some 
of these individuals, the medial surface will have a 
slight concavity that is correctable by means of pho- 
nosurgical medialization. This is clearly demonstrated 
by the vocal function results for the only ligament 
resection subject (subject BO8) that underwent sub- 
sequent medialization. This patient showed improve- 
ments in almost all of the relevant measures, with 
values for jitter, shimmer, maximum SPL range, and 
maximum FO range going from abnormal to within 
normal limits. 


Given the deeper resection of the “ligament” group, 
it was surprising that the postresection voice results 
were comparable to those of the SLP cohort. This out- 
come suggests that the surgeon should not attempt 
oncological brinkmanship by performing an SLP dis- 





Fig 15. Appearance of neck of individual at conclusion 
of irradiation for T1 glottic carcinoma. (Reprinted with 
permission.?4) 


section. However, there was a slight trend toward 
improved vocal function, with the SLP group display- 
ing lower average values for voice quality—related 
measures (jitter, shimmer, NHR) and subglottal pres- 
sure, larger average values for maximum performance 
tasks (SPL and F0 ranges), and larger SPL-subglot- 
tal pressure ratios. Larger numbers of patients are 
needed to formally evaluate whether this trend indi- 
cating better vocal function in the SLP group than in 
the ligament resection group is truly significant. Ad- 
ditionally, retaining the vocal ligament allows for fu- 
ture restoration of the entire layered microstructure 
of the vocal fold as methods of SLP augmentation 
are designed.^?.46 


As the deep resection margin extends to include 
the paraglottic musculature, there is further danger 
of aerodynamic and acoustic impairment. Increas- 
ing the magnitude of the resection, especially its depth, 
leads to deteriorating vocal function that may be as- 
sociated with aerodynamic leakage with unavoidable 
loss of epithelial pliability.!/4^^4/ These patients are 
optimal candidates for phonosurgical reconstruction, 
as demonstrated by the results for the 9 patients that 
underwent reconstruction medialization subsequent 
to resection into the vocalis muscle. As a group, these 
patients displayed notable postreconstruction im- 
provements in measures of average SPL, all 3 voice 
quality—related measures (jitter, shimmer, NHR), 
maximum ranges for SPL and Fo, subglottal pres- 
sure, and SPL-subglottal pressure ratio. In fact, a ma- 
jority of these patients had attained normal values 
for many of the vocal function measures by the final 
assessment. These results are similar to those of the 
perceptual vocal outcome comparison between CO? 
laser resection and radiotherapy done by McGuirt et 
al.48 In that study, physicians and patients perceptu- 
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ally rated the irradiated group as slightly better, pre- 
sumably because their resection model utilized wider, 
deeper margins and the patients did not have recon- 
struction. 


Phonosurgical Reconstruction and Voice Rehabili- 
tation. Patients who did not require resection of mus- 
cle did not typically require phonosurgical recon- 
struction in the form of an augmentation and/or medi- 
alization, although it is possible that their vocal func- 
tion would have been enhanced by such procedures. 
Deeper resections often resulted in a healed neocord 
that was concave. The excavated neocord resulted 
in incomplete glottal closure and a tendency to gen- 
erate higher airflows during phonation. The result 
was a stiff, leaking glottal valve and a hoarse, disor- 
dered voice. 

Valvular incompetence of the glottis resulted in 
increased subglottal pressures and flows, increased 
acoustic instability (jitter and shimmer), and in- 
creased supraglottal muscle strain patterns. Subjec- 
tive stroboscopy reveals no ipsilateral substantive mu- 
cosal wave oscillation, but rather, a mass vibration 
of the stiff neocord body. !7 

Once the neocord is healed, phonosurgical recon- 
struction may be done if the vocal edge is excavated. 
As necessary, a medialization laryngoplasty was per- 
formed if there was adequate glottal tissue medial 
to the thyroid lamina.?! 2? Gore-Tex has been ideal 
as an implant, since it can be molded in vivo (Fig 
11B) to conform to the abnormal postresection con- 
tours.?! ^? The advantage of medialization is that it 
is done under local anesthesia with intravenous se- 
dation, which allows for phonatory feedback during 
the procedure. As stated above, the vocal outcome is 
primarily dependent on the flexibility of the normal 
layered microstructure of the uninvolved vocal fold. 


In this study, when a large amount of paraglottic 
soft tissue was resected, it was advantageous to per- 
form an initial microlaryngoscopic lipoinjection un- 
der general anesthesia to augment the paraglottic re- 
gion. If there was persistent glottal incompetence, 
this lipoinjection facilitated subsequent implant me- 
dialization. Some clinicians generally prefer lipoin- 
jection (Figs 11C and 127°) as a medialization proce- 
dure?! ?? and will use this method as a primary re- 
construction of smaller deficits.?! Subluxation of the 
anterior thyroid laminae (Fig 11 C,D) can also close 
a keyhole aperture anteriorly if the anterior com- 
missure tendon has been resected.?! 


Patients who were candidates for these larger trans- 
oral procedures (endoscopic vertical hemilaryngec- 
tomy) were treated by means of an open transcervical 
hemilaryngectomy during much of the 20th century. 
since this was a confined soft tissue disease, Som 


indicated that the thyroid lamina be removed lateral 
to the paraglottic muscle to collapse the glottal valve 
for an optimal vocal outcome, not for oncological 
safety. In the current paradigm, a minimally inva- 
sive endoscopic resection approach is used to resect 
the soft tissue, and the cartilage framework is retained 
to serve as a scaffolding and buttress for the phono- 
surgical reconstruction. 


There has not been significant concern that per- 
forming a window laryngoplasty compromises onco- 
logical management by removing a barrier (cartilage 
framework) to the spread of a potential future recur- 
rence. First, recurrences are very rare, and when they 
do occur, they are easily seen in the glottal introitus. 
Second, removing the thyroid ala for voice enhance- 
ment during transcervical vertical partial hemilaryn- 
gectomy has been a gold standard for decades in the 
management of larger neoplasms. 


If the anterior commissure tendon has been re- 
sected (see below) unilaterally, the patient will often 
have an anterior keyhole aperture during adduction, 
since soft tissue fibrosis does not fill in the deficit 
and the epithelium regenerates on the underlying thy- 
roid lamina. The persistent aperture must be closed 
for adequate voice restoration. A procedure was de- 
signed recently that comprises an anterior laryngofis- 
sure (under local anesthesia) and subluxation of the 
thyroid alae.?! It resulted in dramatic improvement 
in voice quality and aerodynamic efficiency, as dem- 
onstrated by the results for patients C02 and CO8. 
Both of these patients displayed marked improve- 
ments on ail 3 voice quality-related measures ( jitter, 
shimmer, NHR), on all 3 maximum performance 
tasks (phonation time, SPL range, FO range), and in 
terms of average SPL. Patient C02 also showed dra- 
matic improvements in average airflow, average FO, 
and subglottal pressure, with an associated increase 
inthe SPL—subglottal pressure ratio (vocal efficiency). 


A total of 10 patients received voice therapy after 
the final postoperative procedure. These patients re- 
ceived an average of 2 to 3 sessions that focused pri- 
marily on reducing any persistent vocal hyperfunc- 
tion and on exercises designed to enhance vocal fold 
entrainment. We believe that such postoperative voice 
therapy is crucial to optimizing postsurgical vocal out- 
comes for a segment of this patient cohort. 


Disease at Anterior Commissure and/or Arytenoid 
Cartilage. In this study, disease at the anterior glot- 
tal commissure or the arytenoid cartilage was not a 
problem to resect-?? 94 with specially designed glot- 
tiscopes^* that facilitate optimal exposure.2?-?5 The 
examining tube of the universal modular glottiscope 
has a lancet-arch triangular shape to accommodate 
to the soft tissues of the glottis and the conformation 
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of the inner contours of the cartilaginous thyroid alae. 
This shape facilitates maximal exposure of the su- 
perior surface of the anterior commissure, as well as 
the ventricular mucosa and the lateral den paraglottic 
musculature.28 


With adequate exposure, up to 70% of the anteri- 
or commissure tendon can be resected without disso- 
ciating the contralateral vocal fold from its anterior 
attachment to the thyroid lamina; this maneuver has 
significant postoperative ramifications for vocal qual- 
ity. As necessary, an endoscopic CO2 laser explora- 
tion and resection of the infrapetiole region of the 
supraglottis allows for definitive determination about 
whether a presumed T1 lesion has cartilage invasion 
(T4; Fig 133435. Cephalad exposure of the glottal 
soft tissues facilitates precise staging (without disar- 
ticulating Broyle’s ligament) for selection of com- 
mensurate management that will optimize posttreat- 
ment voice quality.33.55 


The anterior commissure tendon (Broyle’s liga- 
ment)?? is a confluence of the vocal ligament, the 
thyroepiglottic ligament, the conus elasticus, and the 
internal perichondrium of the thyroid alae (Fig 1435). 
There is a misconception that T1 cancers at the ante- 
rior commissure have a great predilection for under- 
staging and that many of these lesions have occult 
invasion of the thyroid cartilage (T4 stage).5554 This 
belief is based upon the misunderstanding that the 
anatomy of the dense anterior commissure ligament 
is a less resilient tumor barrier than the adjacent thin 
thyroid perichondrium. Kirchner et 415554 have made 
clear that Tla and T1b carcinomas rarely transgress 
Broyle’s ligament to invade thyroid cartilage. Ante- 
rior commissure tumors that have thyroid cartilage 
invasion typically display cephalad surface invasion 
of the infrapetiole region of the supraglottis or cau- 
dal surface invasion of the subglottis (both T2 by sur- 
face staging criteria; Fig 13). 


There have been divergent opinions as to whether 
cancer can be endoscopically eradicated from the an- 
terior commissure. The proscriptions imposed by 
some are based primarily on the difficulty of obtain- 
ing adequate surgical exposure in this area.?? The 
rate-limiting factors for resection of early cancer in 
the anterior commissure are the true extent of the 
disease (ie, whether it is invading cartilage) and the 
endoscopic exposure required to encompass the le- 
sion. Davis et al>° and the Boston University group 
and, later, Koufman® demonstrated that cancer could 
be removed from the anterior commissure; however, 
it required great skill to excise the lesion without va- 
porizing the specimen. The technique has become 
less difficult with newer laryngoscopes?? designed 
to solve the exposure problem by conforming to the 


inner contours of the thyroid laminae.2555 Vaporiz- 
ing cancer without clear en bloc resection margins is 
inadequate surgical oncological technique. This fac- 
tor, as well as underestimating the extent of disease, 

probably led to the failures reported by a number of 
investigators.5557-59 


Because of the treatment failures mentioned above, 
poor outcome was mistakenly attributed to the bio- 
logical behavior of the disease, rather than to inade- 
quate exposure and compromised resection.?957-59 
In addition to improved laryngoscopes, a recently 
designed procedure facilitates the diagnostic staging 
and treatment of early glottic cancer at the anterior 
commissure.5335 It involves resecting the supraglot- 
tal tissue (infrapetiole region and anterior vestibular 
folds) cephalad to the anterior commissure tendon 
to determine whether limited anterior glottic cancer 
has invaded the thyroid cartilage. 


A CO2 laser resection of the uninvolved supraglot- 
tis was done in 12 cases in which the perimeter of 
the lesion could not be visualized in its entirety. This 
resection allowed for positioning of the triangular 
glottiscope adjacent to the inner thyroid lamina above 
the anterior commissure, which facilitated clear re- 
section of part or all of the anterior commissure ten- 
don. If a cancer is confined to the anterior commis- 
sure tendon and if resection of the tendon is not in 
the patient's best interest (ie, for postoperative voice 
quality), irradiation can be started promptly in the 
knowledge that there is true T1 disease. The subcor- 
dal-subglottic region is best assessed by means of 
Jaryngeal telescopes. 


If one accepts the histopathologic data of Kirchner 
et a]5354 regarding the invasion pattern of T1 glottic 
cancer, there is no reason to believe that an adequate 
soft tissue resection of small-volume soft tissue dis- 
ease is not adequate treatment. This premise 1s fur- 
ther substantiated by a number of reports that did 
not find a correlation between anterior commissure 
involvement with T1 glottic cancer and failure of ra- 
diotherapy as a curative modality.90.61 


The extensive European experience reported by 
Steiner, Eckel and Thumfart,$? and Rudert94 sub- 
stantiates that glottic cancer in the anterior commis- 
sure can be removed transorally. The problem with 
any surgical approach to the anterior commissure (for 
true Tla, Tib, and T2 lesions) is that when these 
procedures disturb the structural integrity of both 
sides of the anterior commissure tendon, vocal qual- 
ity is more significantly impaired. Lesions that are 
invading cartilage are T4 by stage, require open par- 
tial laryngectomy, and are not classically suitable for 
endoscopic excision. 
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Phonomicrosurgical Resection Versus Radiother- 
apy. There have been a number of recent studies that 
have compared the vocal function of endoscopic re- 
section and radiotherapy. It was not surprising that 
these studies generally suggested that radiotherapy 
resulted in equivalent or superior voice quality.^5.65 
The surgical arm of these studies did not include more 
recent developments. There were no subjects who 
underwent resection with ultranarrow SLP mar- 
gins! 55440 or who underwent reconstruction subse- 
quent to larger resections. Essentially, some patients 
probably underwent more extensive resections than 
were necessary, and others, with larger postresection 
excavations, did not undergo phonosurgical medial- 
ization. In the present study, these 2 groups com- 
prised 24 of the 32 patients. We are currently com- 
paring the vocal outcome of our surgical cohort to 
that of a matched population who underwent radio- 
therapy. 


There are a number of advantages of endoscopic 
excision as compared with radiotherapy in the treat- 
ment of early glottic cancer. Phonomicrosurgical re- 
section preserves all treatment options, including fur- 
ther transoral resections. Radiotherapy (Fig 1554) un- 
avoidably treats all normal glottal tissue, as well as 
the saccular glands, which provide moisture that en- 
hances vocal fold vibration. Postradiotherapy video- 
stroboscopic examinations suggest that both normal 
and cancerous tissues reflect fibrotic changes and im- 
paired mucosal oscillation.*4 The use of radiotherapy 
for early cancers precludes its further use for tumor 
recurrence or for new primaries, and may even in- 
duce carcinogenesis in atypical epithelium.9667 The 
cost of endoscopic excision is significantly less than 
that of open laryngeal surgery or irradiation, since 
either of these latter procedures is typically preceded 
by a staging endoscopy.??^* Also, the radiotherapy 
patient sustains an increased burden of time and travel 
commitments. 


Comparing the voice results in the present investi- 
gation with those from other studies of different treat- 
ment modalities for early glottic cancer is somewhat 
problematic, because there is wide variation across 
studies in terms of the approaches used for evaluat- 
ing vocal function outcomes. After setting aside the 
studies that have exclusively examined laser exci- 
sion, which are not comparable for the reasons al- 
ready given, there is a small group left of investiga- 
tions that examine radiotherapy treatment for early 
glottic cancer. 


An even smaller subset of such studies includes 
attempts to examine the impact of radiotherapy on 
voice outcomes by using more than just subjective 


data based on listener or patient rating scales. Inves- 
tigations that have used vocal function measures to 
track voice changes across radiotherapy treatment 
have mostly reported improvements in voice start- 
ing several months after radiotherapy.6?.7? but it is 
not always clear the extent to which the vocal func- 
tion approximates normal. The investigations that 
have compared vocal function measures to normal 
or control data have reported contradictory results, 
ranging from reports of normal or near-normal voice 
following radiotherapy for a majority of patients®.7! 
to just the opposite, with most patients displaying 
abnormal postirradiation voices.*+-/2-/4 In general, the 
results from the present study compare quite favor- 
ably with the radiotherapy studies that show normal 
or near-normal posttreatment measures, particularly 
with respect to comparable acoustic measures of per- 
turbation, average F0, and ranges for F0 and SPL.657! 


CONCLUSIONS 


I. Early glottic cancer can be resected relatively 
safely and effectively with ultranarrow margins. 


2. Aconversationally normal or near-normal voice 
can be achieved in a majority of patients by means 
of phonosurgical management (resection and recon- 
struction) in most patients, regardless of the depth 
of disease, if the contralateral vocal fold is anatomi- 
cally intact. 


3. After phonomicrosurgical resection, restoration 
of vocal function is based on reestablishing aerody- 
namic glottal competency by means of a straight neo- 
cord. 


4. [n this study, the subepithelial infusion tech- 
nique allowed for effective selection of patients who 
did not require a resection deep to the vocal ligament, 
regardless of surface appearance. 


5. Patients who did not require resection deep to 
the vocal ligament did not require reconstruction. 


6. Most patients who lost paraglottic musculature 
benefited from medialization and augmentation to re- 
establish aerodynamic efficiency. 


7. In this study, anterior commissure or vocal pro- 
cess involvement did not correlate with local cancer 
recurrence. 


8. Subjective surgical observations revealed that 
it was easier to control the phonosurgical outcome 
with transcervical medialization laryngoplasty than 
with lipoinjection, since there was phonatory feed- 
back from the patient, enhanced intraoperative ad- 
justability and precision, and no postoperative ab- 
sorption. 


Zeitels et al, Glottic Cancer 19 


REFERENCES 


1. Zeitels SM. Jacob Da Silva Solis-Cohen: America's first 
head and neck surgeon. Head Neck Surg 1997;19:342-6. 


2. Solis-Cohen J. Clinical history of surgical affections of 
the larynx. Med Rec 1869;4:244-7. 


3. Fraenkel B. First healing of a laryngeal cancer taken out 
through the natural passages. Arch Klin Chir 1886;12:283-6. 


4. Kirstein A. Autoskopie des Larynx und der Trachea (Lar- 
yngoscopia directa, Euthyskopie, Besichtigung ohne Spiegel). 
Arch Laryngol Rhinol 1895;3:156-64. 


5. Kirstein A. Autoscopy of the larynx and trachea (direct 
examination without mirror). Philadelphia, Pa: FA Davis, 1897. 


6. Killian G. Die Schwebelaryngoskopie. Arch Laryngol 
Rhinol 1912;26:277-317. 


7. Lynch RC. Intrinsic carcinoma of the larynx, with a sec- 
ond report of the cases operated on by suspension and dissec- 
tion. Trans Am Laryngol Assoc 1920;40:119-26. 


8. Jako GJ. Laser surgery of the vocal cords. An experimen- 
tal study with carbon dioxide lasers on dogs. Laryngoscope 
1972;82:2204-16. 


9. Strong MS, Jako GJ. Laser surgery in the larynx. Early 
clinical experience with continuous CO2 laser. Ann Otol Rhinol 
Laryngol 1972;81:791-8. 


10. Strong MS, Laser excision of carcinoma of the larynx. 
Laryngoscope 1975;85:1286-9. 


11. Vaughan CW. Transoral laryngeal surgery using the CO2 
laser: laboratory experiments and clinical experience. Laryngo- 
scope 1978;88:1399-420. 


12, Vaughan CW, Strong MS, Jako GJ. Laryngeal carcinoma: 
transoral treatment utilizing the CO2 laser. Am J Surg 1978; 136: 
490-3. 


13. Hirano M. Phonosurgery: basic and clinical investiga- 
tions. Otologia (Fukuoka) 1975;21:239-442. 


14. Hirano M, Hirade Y. CO2 laser for treating glottic carci- 
noma. Acta Otolaryngol Suppl (Stockh) 1988(suppl 458):154- 
T. 


15. Zeitels SM, Vaughan CW. A submucosal true vocal fold 
infusion needle. Otolaryngol Head Neck Surg 1991;105:478-9. 


16. Zeitels SM. Microflap excisional biopsy for atypía and 
microinvasive glottic cancer. Oper Techn Otolaryngol Head 
Neck Surg 199334:218-22. 


17. Zeitels SM. Premalignant epithelium and microinvasive 
cancer of the vocal fold: the evolution of phonomicrosurgical 
management. Laryngoscope 1995;105(suppl 67). 


18. Zeitels SM. Phonomicrosurgical treatment of early glot- 
tic cancer and carcinoma in situ. Am J Surg 1996;172:704-9. 


19, Zeitels SM. Laser versus cold instruments for microlaryn- 
goscopic surgery. Laryngoscope 1996;106:545-52. 


20. Zeitels SM. Glottic reconstruction and voice rehabilita- 
tion. In: Atlas of phonomicrosurgery and other endolaryngeal 
procedures for benign and malignant disease. San Diego, Calif: 
Singular, 2001:219-21. 

21. Zeitels SM, Jarboe J, Franco RA. Phonosurgical recon- 


struction of early glottic cancer. Laryngoscope 2001;111:1862- 
J: 


22. Lu FL, Casiano RR, Lundy DS, Xue JW. Vocal evalua- 
tion of thyroplasty type I in the treatment of nonparalytic glot- 
tic incompetence. Ann Otol Rhinol Laryngol 1998;107:113-9. 


23. Zeitels SM, Vaughan CW. "External counter pressure" 
and "internal distention" for optimal laryngoscopic exposure 
of the anterior glottal commissure. Ann Otol Rhinol Laryngol 
1994;103:669-75. 


24. Hochman II, Zeitels SM, Heaton JT. Analysis of the forces 
and position required for direct laryngoscopic exposure of the 
anterior vocal folds. Ann Otol Rhinol Laryngol 1999;108:715- 
24. | 


25. Hochman II, Zeitels SM. Exposure and visualization of 
the glottis for phonomicrosurgery. Oper Techn Otolaryngol Head 
Neck Surg 1998;9:192-5. 


26. Zeitels SM. Phonomicrosurgical management philoso- 
phy including performing artists. In: Atlas of phonomicrosurgery 
and other endolaryngeal procedures for benign and malignant 
disease. San Diego, Calif: Singular, 2001:18-20. 


27. Zeitels SM. Instruments. In: Atlas of phonomicrosurgery 
and other endolaryngeal procedures for benign and malignant 
disease. San Diego, Calif: Singular, 2001:23-36. 


28. Zeitels SM. A universal modular glottiscope system: the 
evolution of a century of design and technique for direct laryn- 
goscopy. Ann Otol Rhinol Laryngol Suppl 1999; 108(suppl 179). 


29. Lynch RC. Suspension laryngoscopy and its accomplish- 
ments. Ann Otol Rhinol Laryngol 1915;24:429-46. 


30. Grundfast KM, Vaughan CW, Strong MS, de Vos P. Sus- 
pension microlaryngoscopy in the Boyce position with a new 
suspension gallows. Ann Otol Rhinol Laryngol 1978;87:560-6. 


31. Desloge RB, Zeitels SM. Endolaryngeal microsurgery 
at the anterior glottal commissure: controversies and observa- 
tions. Ann Otol Rhinol Laryngol 2000; 109:385-92. 


32. Kashima HK, Lee D-J, Zinreich SJ. Vestibulectomy in 
early vocal fold carcinoma. Trans Am Broncho-Esophagol Assoc 
1991:71:28-32. 


33. Zeitels SM. Infrapetiole exploration of the supraglottis 
for exposure of the anterior glottal commissure. J Voice 1998;12: 
117-22. 


34. Zeitels SM. Vocal fold atypia/dysplasia and carcinoma. 
In: Atlas of phonomicrosurgery and other endolaryngeal proce- 
dures for benign and malignant disease. San Diego, Calif: Sin- 
gular, 2001:177-218. 


35. Hartig G, Zeitels SM. Optimizing voice in conservation 
surgery for glottic cancer. Oper Techn Otolaryngol Head Neck 
Surg 1998;9:214-23. 


36. Zeitels SM, Hochman I, Hillman RE. Adduction aryte- 
nopexy: a new procedure for paralytic dysphonia with implica- : 
tions for implant medialization. Ann Otol Rhinol Laryngol Suppl 
1998;107(suppl 173). 


37. Colden D, Zeitels SM, Hillman RE, Jarboe J, Bunting G, 
Spanou N. Stroboscopic assessment of vocal fold keratosis and 
glottic cancer. Ann Otol Rhinol Laryngol 2001;110:293-8. 


38. Holmberg EB, Hillman RE, Perkell JS, Gress C. Rela- 
tionships between intra-speaker variation in aerodynamic mea- 
sures of voice production and variation in SPL across repeated 
recordings. J Speech Hear Res 1994;37:484-95. 

39. Cragle SP, Brandenburg JH. Laser cordectomy or radio- 
therapy: cure rates, communication, and cost. Otolaryngol Head 
Neck Surg 1993;108:648-54. 

40. Delsupehe KG, Zink I, Lejaegere M, Bastian RW. Vocal 
quality after narrow-margin laser cordectomy compared with 
laryngeal irradiation. Otolaryngol Head Neck Surg 1999;121: 


20 Zeitels et al, Glottic Cancer 


528-33. 


4l. Zeitels SM, Hillman RE, Bunting GW, Vaughn T. Rein- 
ke's edema: phonatory mechanisms and management strategies. 
Ann Otol Rhinol Laryngol 1997:106:533-43. 


42. Hirano M, Hirade Y, Kawasaki H. Vocal function fol- 
lowing carbon dioxide laser surgery for glottic carcinoma. Ann 
Otol Rhinol Laryngol 1985;94:232-5. 


43. Koufman JA. The endoscopic management of early squa- 
mous carcinoma of the vocal cord with the carbon dioxide sur- 
gical laser: clinical experience and a proposed subclassifica- 
tion. Otolaryngol Head Neck Surg 1986;95:531-7. 


44. Lehman JJ, Bless DM, Brandenburg JH. An objective 
assessment of voice production after radiation therapy for stage 
I squamous cell carcinoma of the glottis. Otolaryngol Head Neck 
Surg 1988;98:121-9. 


45. Gray SD, Titze IR, Alipour F, Hammond TH. Biome- 
chanical and histologic observations of vocal fold fibrous pro- 
teins. Ann Otol Rhinol Laryngol 2000; 109:77-85. 


46. Zeitels SM. Preface. In: Atlas of phonomicrosurgery and 
other endolaryngeal procedures for benign and malignant dis- 
ease. San Diego, Calif: Singular, 2001 :xi-xii. 


47. McGuirt WF, Blalock D, Koufman JA, Feehs RS, et al. 
Voice analysis of patients with endoscopically treated early la- 
ryngeal carcinoma. Ann Otol Rhinol Laryngol 1992:101:142- 
6. 


48. McGuirt WF, Blalock D, Koufman JA, et al. Compara- 
tive voice results after laser resection or irradiation of T1 vocal 
cord carcinoma. Arch Otolaryngol Head Neck Surg 1994;120: 
951-5. 


49. Zeitels SM. New procedures for paralytic dysphonia: ad- 
duction arytenopexy, Goretex medialization laryngoplasty, and 
cricothyroid subluxation. Otolaryngol Clin North Am 2000;33: 
841-54. 


50. Rosen CA. Phonosurgical vocal fold injection: indica- 
tions and techniques. Oper Techn Otolaryngol Head Neck Surg 
1998;9:203-9. 


51. Woo P. Phonosurgery techniques after partial laryngec- 
tomy. Oper Techn Otolaryngol Head Neck Surg 1999:10:53- 
60. 


52. Broyles EN. The anterior commissure tendon. Ann Otol 
Rhinol Laryngol 1943;52:342-5. 


53. Kirchner JA, Carter D. Intralaryngeal barriers to the 
spread of cancer. Acta Otolaryngol (Stockh) 1987;103:503-13. 


54. Kirchner JA. What have whole organ sections contrib- 
uted to the treatment of laryngeal cancer? Ann Otol Rhinol Lar- 
yngol 1989;98:661-7. 


55. Wolfensberger M, Dort JC. Endoscopic laser surgery for 
early glottic carcinoma: a clinical and experimental study. Laryn- 
goscope 1990;100:1100-5. 

56. Davis RK, Jako GJ, Hyams VJ, Shapshay SM. The ana- 
tomic limitations of CO? laser cordectomy. Laryngoscope 1982; 
92:980-4. 


57. Wetmore SJ, Key JM, Suen JY. Laser therapy for T1 glot- 
tic carcinoma of the larynx. Arch Otolaryngol Head Neck Surg 
1986;112:853-5. 


58. Krespi YP, Meltzer CJ. Laser surgery for vocal cord car- 
cinoma involving the anterior commissure. Ann Otol Rhinol 
Laryngol 1989;98:105-9. 


59. Casiano RR, Cooper JD, Lundy DS, Chandler JR. Laser 
cordectomy for T1 glottic carcinoma: a 10-year experience and 
videostroboscopic findings. Otolaryngol Head Neck Surg 1991; 
104:831-7. 


60. Benninger MS, Gillen J, Thieme P, Jacobson B, Drago- 
vich J. Factors associated with recurrence and voice quality fol- 
lowing radiation therapy for T1 and T2 glottic carcinomas. La- 
ryngoscope 1994:104:294-8. 


61. Mendenhall WM, Parsons JT, Stringer SP, Cassisi NJ. 
Management of Tis, T1, and T2 squamous cell carcinoma of 
the glottic larynx. Am J Otolaryngol 1994;15:250-7. 


62. Steiner W. Results of curative laser microsurgery of la- 
ryngeal carcinomas. Am J Otolaryngol 1993;14:116-21. 


63. Eckel HE, Thumfart WF. Laser surgery for the treatment 
of larynx carcinomas: indications, techniques, and preliminary 
results. Ann Otol Rhinol Laryngol 1992;101:113-8. 


64. Rudert HH. Transoral CO2-laser surgery of early glottic 
cancer (CIS-T2). In: Smee R, Bridger P, eds. Laryngeal cancer: 
Proceedings of the 2nd World Congress on Laryngeal Cancer. 
Amsterdam. the Netherlands: Elsevier, 1994:389-92. 


65. Rydell R, Schalen L, Fex S, Elner A. Voice evaluation 
before and after laser excision vs. radiotherapy of T1A glottic 


. carcinoma. Acta Otolaryngol (Stockh) 1995:115:560-5. 


66. Hellquist H, Lundgren J, Olofsson J. Hyperplasia, kera- 
tosis, dysplasia and carcinoma in situ of the vocal cords — a 
follow-up study. Clin Otolaryngol 1982;7:11-27. 


67. DeSanto LW. Selection of treatment for in situ and early 
invasive carcinoma of the glottis. In: Alberti PW, Bryce DB, 
eds. Workshops from the Centennial Conference on Laryngeal 
Cancer. New York, NY: Appleton-Century-Crofts, 1976:146- 
50. 


68. Myers EN, Wagner RL, Johnson JT. Microlaryngoscopic 
surgery for T1 glottic lesions: a cost-effective option. Ann Otol 
Rhinol Laryngol 1994;103:28-30. 


69. Hoyt DJ, Lettinga JW, Leopold KA, Fisher SR. The ef- 
fect of head and neck radiation therapy on voice quality. Laryn- 
goscope 1992;102:477-80. 

70. Miller S, Harrison LB, Solomon B, Sessions RB. Vocal 
changes in patients undergoing radiation therapy for glottic car- 
cinoma. Laryngoscope 1990:100:603-6. 

71. Verdonck—de Leeuw IM, Hilgers FJ, Keus RB, et al. Mul- 
tidimensional assessment of voice characteristics after radiother- 
apy for early glottic cancer. Laryngoscope 1999:109:241-8. 


72. Honocodeevar-Boltezar I, Zargi M. Voice quality after 
radiation therapy for early glottic cancer. Arch Otolaryngol Head 
Neck Surg 2000;126:1097-100. 


73. Dagli AS, Mahieu HF, Festen JM. Quantitative analysis 
of voice quality in early glottic laryngeal carcinomas treated 
with radiotherapy. Eur Arch Otorhinolaryngol 1997:254:78-80. 

74. Aref A, Dworkin J, Devi S, Denton L, Fontanesi J. Ob- 
jective evaluation of the quality of voice following radiation 
therapy for T1 glottic cancer. Radiother Oncol 1997:45:149- 
53. 


peee 


Ann Otoi Rhinol Laryngoi 111:2002 
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Phonomicrosurgery in performing artists has historically been approached with great trepidation, and vocal outcome data are 
sparse. The vocal liability of surgically disturbing the superficial lamina propria (GLP) and-epithelium must be balanced with the 
inherent detrimental vocal effect of the lesion(s). A prospective investigation was performéd on 185 performing artists who under- 
went phonomicrosurgical resection of 365 lesions: 201 nodules, 71 polyps, 66 varices and ectasias, 13 cysts, 8 keratotic lesions, 2 
granulomas, 2 Reinke’s edema, and 2 papillomas. Nearly all patients with SLP lesions reported improvement in their postsurgical 
vocal function. This subjective result was supported by objective acoustic and aerodynamic measures. All postsurgical objective 
vocal function measures fell within normal limits, including a few that displayed presurgical abnormalities. However, given the 
relative insensitivity of standard objective measures to assess higher-level vocal performance-related factors, it is even more note- 
worthy that 8 of 24 objective measures displayed statistically significant postsurgical improvements in vocal function. Such changes 
in objective measures mostly reflect overall enhancement in the efficiency of voice production. Phonomicrosurgical resection of 
vocal fold lesions in performing artists is enjoying an expanding role because of a variety of improvements in diagnostic assessment, 
surgical instrumentation and techniques, and specialized rehabilitation. Most of these lesions are the result of phonotrauma and arise 
within the SLP. Successful management depends on prudent patient selection and counseling, ultraprecise technique, and vigorous 
vocal rehabilitation. Furthermore, an understanding of the vocal function and dysfunction of this high-performance population pro- 
vides all otolaryngologists who manage laryngeal problems with valuable information that they can extrapolate for use in their 
practices. 


KEY WORDS — dysphonia, ectasia, laryngoscopy, cx microsurgery, nodule, phonomicrosurgery, phonosurgery, 
polyp, singer, varix, vocal cord, vocal fold, voice. 


INTRODUCTION to Kirstein's method? improved its precision, eg, the 

Endolaryngeal management and resection of le- stability of the operating field provided by gener al 
sions on the vocal fold edge in singers and perform- endotracheal anesthesia with paralysis.!? Despite the 
ing artists!-5 has been done since the 19th century, fact that Kirstein predicted the value of laryngeal stro- 
when mirror-guiaed removal of lesions was intro- boscopy (see also Oertel!! from 1895) for enhancing 
duced.® The critical pathway for decision-making that direct laryngoscopy, it was not until the end of the 
faced the patient and surgeon then remains unchanged  — 2Uth century that stroboscopy was used routinely in 
today. Cooperatively, the patient and surgeon must association with vocal fold surgery. During the past 
carefully assess whether the lesion(s) are of greater decade, the convergence of physiological theories of 
liability to the vocal instrument and career than is mucosal wave oscillation? with improvements in 
the operation to excise the lesion(s). ?'This judgment microlaryngeal instrumentation and techniques!» 
requires detailed patient-surgeon communication and has led to current initiatives in phonomicrosur- 
mutual responsibility for the chosen management gery.^22232628 The premise underlying successful 
Course. phonomicrosurgery is maximal preservation of the 


vocal folds' layered microstructure (epithelium and 
laminae propria) in order to optimize glottal closure 
and epithelial pliability. 


In 1895, Kirstein? correctly predicted that direct 
laryngoscopy would supplant indirect laryngoscopy 
as the preferred technique for endolaryngeal surgery. 
Furthermore, every substantive 20th-century addition The primary goal of this investigation was to as- 
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Fig 1. Anatomic map used during surgery, delineating 3- 
dimensional characteristics of vocal edge lesions in rela- 
tionship to epithelium and laminae propria. Muscle is 
designated by stippled area, while vocal ligament me- 
dial and deep laminae propria are noted by 2 thinner lay- 
ers superficial to muscle. Superficial lamina propria 
(SLP) is white, unshaded area deep to epithelial mem- 
brane, which is designated as dark line at surface. 
sess overall outcomes in a consecutive series of per- 
forming vocalists who were managed by a multidis- 
ciplinary team and for whom the primary treatment 
was surgery. This study was catalyzed by the obser- 
vation that there had been a gradual growth in the 
number of singers who were deemed surgical candi- 
dates. This philosophy evolved from the expanding 
indications for and successful outcomes (subjective 
and objective) of surgery. The need for this investi- 
gation is illustrated by the fact that a search of the 
English-language literature since 1968 only uncov- 
ered 2 reported series (in peer-reviewed literature) 
of singers undergoing microsurgery.^?^^? It was our 
hope that information derived from the investigation 
of vocalists would 1) shed light on key management 
issues that could be extrapolated to the general popu- 
lation and 2) identify pertinent unanswered questions 
to stimulate future research initiatives. 


MATERIALS AND METHODS 
PATIENT AND LESION CLASSIFICATION 


We examined prospectively gathered data on a 
consecutive series of 185 performing artists who un- 
derwent suspension microlaryngoscopy and phono- 
microsurgical resection for glottic disorders. Inclu- 
sion criteria were |) that the patient indicated that he 


or she was seeking laryngological management for 


enhancement of his or her singing or performing 
voice and 2) that the patient and surgeon coopera- 
tively determined that a vocal fold procedure was 
judged to be integral to the treatment. All of the per- 
formers operated on between January 1994 and Janu- 
ary 2002 who did not present with a sulcus defor- 
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mity as the primary indication for microlaryngoscopy 
were included in the study. There were 4 patients in 
the sulcus group. 


Patients reported on their primary voice activity 
or style by means of a questionnaire: classical, pop 
or rock, jazz or blues, gospel, country, folk, and musi- 
cal theater. Two other classifications included broad- 
casters and a singing clown. At the time of the sur- 
gery, the microlaryngoscopic examination of the dis- 
order was recorded in an operative data collection 
form, which included a map (Fig 1) to delineate the 
disorder and its relationship to the epithelium and 
laminae propria. Phonotraumatic lesions were classi- 
fied during the operation by Dikkers ? criteria (nod- 
ule, polyp, cyst, keratosis, granuloma, polypoid cor- 
ditis, varix, or ectasia). Further criteria for other le- 
sions were extrapolated from a work by Zeitels.^* 


SURGICAL METHODS AND VOCAL REHABILITATION 


The timing of surgery and the extent of preopera- 
tive voice therapy were individualized on the basis 
of a number of factors, including lesion characteris- 
tics, concomitant inflammation, hemorrhage, medi- 
cal illness, and geographic proximity of the patient's 
home. The preferences of the patient, voice thera- 
pist, and surgeon were also contingent factors. Final- 
ly, performance and recording schedules frequently 
delineated the window of opportunity for comprehen- 
sive intervention. Almost all patients underwent post- 
operative voice therapy, and this was individualized 
on the basis of the aforementioned factors. 


All procedures were performed under general an- 
esthesia with the smallest endotracheal tube that 
would allow for adequate ventilation. Typically, the 
intubation was done by the operating surgeon. The 
largest tubular triangular glottiscope?!-^^ that could 
be placed from the lips to the glottis was used.*/ All 
patients were placed in the Jackson position^^-? with 
a true suspension gallows (Endocraft LLC) used to 
achieve elevated vector suspension.?? External coun- 
terpressure^? was applied with silk tape and, at times, 
with a laryngeal cushion.?-^^ The details of the tech- 
nique have been previously described.’--~ 


Except for 3 patients with ectasias or varices from 
the early part of the series,*’ all resections were per- 
formed with cold instrumentation.” All of these pho- 
nomicrosurgical procedures were primarily done at 
the highest magnification on the microscope. This 
was 10x until 1998 and was then 13x after a more 
powerful microscope was obtained. The effective 
magnification is not reflected by the numbers on the 
microscope dial, since a 400-mm front lens is used. 
A subepithelial infusion?9 22.27.7525 of saline solution 
with 1/10,000 epinephrine was done in most cases. 
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Fig 2. Coronal-section diagrams of normal vocal folds during vibration at low pitch and high pitch. 


The infusion enhances preservation of residual nor- 
mal superficial lamina propria (SLP) by 1) facilitating 
the epithelial cordotomy, 2) expanding the SLP, thus 
reducing instrumental trauma to it, 3) improving vi- 
sualization by vasoconstriction of the microcircula- 
tion, and 4) improving the visual and palpable inter- 
face between the lesion base and the underlying SLP. 
The infusion was used in all cases except those in 
which it was deemed that the fluid would obscure 
the visualization of very small lesions (1.5 to 0.2 
mm). The guiding principle of the surgical approach 
was to not disturb any tissue that was deemed nor- 
mal by highest-power examination and palpation. 
An epithelial cordotomy was made at the superi- 
or-lateral aspect of the lesion in most cases. In the 
case of nodules and polyps, the fibrovascular tissue 
is adherent to the epithelium from long-term base- 
ment membrane zone trauma.*? These clinical obser- 
vations are commensurate with the immunocyto- 
chemical findings on nodules and polyps by Gray et 
al.4° Therefore, once the epithelial cordotomy is per- 
formed, blunt and sharp dissections are done at the 
interface between the fibrovascular tissue and the un- 
derlying normal residual SLP. Identification of this 
dissection plane is enhanced by the subepithelial in- 
fusion, which increases the visual and textural con- 
trast between the normal SLP and the overlying le- 
sion. Since nodules and polyps have normal overly- 
ing epithelium, the membrane is preserved by a sub- 
epithelial resection.25-2741-2? [t is our belief that gen- 
erally, medial surface keratosis in nonsmoking sing- 
ers need not be resected, since it will revert to non- 
keratinizing epithelium once the vocal edge is straight 
and the excessive collision trauma abates. Our im- 
pression is that maximal preservation of the normal 
underlying SLP and overlying epithelium acceler- 
ates healing and leads to an optimal result. Schematic 
representations of normal vocal fold anatomy (Fig 
2), as well as a number of lesions (Figs 3A, 4A, and 
SA), are depicted. Resections of each type of lesion 
(polyps, ectasias, varices, and cysts, as well as nod- 
ules, which were in the majority) are seen in Figs 3- 


6.7 Reinke's edema?! was surgically managed by 
performing a superiorly located cordotomy and then 
extracting the gelatinous subepithelial material. Topi- 
cal epinephrine was applied as necessary for hemo- 
stasis. 

The patients were maintained on complete voice 
rest for a minimum of 10 days after the surgery. The 
surgeon performed stroboscopic examinations at ap- 
proximately 2 weeks to assess mucosal pliability as 
part of a routine postoperative office visit. If the post- 
operative strobovideolaryngoscopy demonstrated 
proper healing, the patient was allowed gradual re- 
sumption of voice use under the guidance of a speech 
pathologist. All patients underwent antireflux man- 
agement with behavior and diet control and proton 
pump inhibitors once or twice per day during the peri- 
operative period. 

ASSESSMENT OF VOCAL FUNCTION 


The standard protocol included complete voice as- 
sessments before and after surgery and after the com- 
pletion of voice therapy (typically 2 months after sur- 
gery). A complete assessment included both subjec- 
tive and objective measures. 

SUBJECTIVE MEASURES 

Videoendoscopy With Stroboscopy. Standard trans- 
oral rigid (Kay Elemetrics 70?) and/or transnasal flex- 
ible (Olympus ENF P-3) videolaryngoscopy with 
stroboscopy was performed as each patient sustained 
/i/ vowels at comfortable (average) and increased 
pitch and loudness levels. These examinations were 
recorded on videotape (SVHS format) or digital video 
disk to enable playback for detailed evaluation. The 
examining laryngologist subjectively evaluated pa- 
rameters related to arytenoid movement, integrity of 
the epithelial surface and contour of the vocal fold, 
glottal closure pattern (glottal gap), mucosal wave 
activity, and compression of supraglottal and glottal 
structures. Supraglottic compression was evaluated 
by flexible fiberoptic examination. 


Our previous work has demonstrated the tendency 
for videostroboscopic ratings to be an unreliable ob- 
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Fig 3. Pop vocalist, 38 years old, who has had progressive vocal deterioration. There has been progressive and gradual loss of 
timbre, range, and stability through last decade. A) Coronal-section diagrams of vocal folds during vibration at low pitch and 
high pitch. Nodules become more distinct visually in high-pitched phonation, since there is significant component of lesion 
within SLP, which is not easily seen during low-pitched gesture. This leads to inefficient and more disordered oscillation at 
higher frequencies. B) Exposure with universal modular (UM) glottiscope demonstrates fibrovascular nodules in midmusculo- 
membranous region on both sides. Wide exposure of glottis, including ventricular mucosa and superior surface of anterior 
commissure, facilitates positioning of lesion in center of scope. This allows for enhanced manual manipulation of soft tissue. 
C) Lesions are seen under higher magnification. D) Subepithelial infusion is done in right vocal fold. E) After epithelial 
cordotomy, subepithelial resection of fibrovascular tissue is done. (Continued on next page.) 


jective measure of vocal outcome.* Therefore, we 
have taken the position that such ratings must attain 
an acceptable level of reliability across multiple in- 
dependent judges to be used as valid research-qual- 
ity data. Given the large number of patients in this 
investigation, it was not feasible to submit the vid- 
eostroboscopic recordings for independent analysis 
by multiple judges. Thus, the videostroboscopic as- 


sessments were not used as formal data, but are in- 
stead referred to descriptively in the Discussion to 
|) reinforce important points about the pathophys- 
iological characteristics and surgical management of 
the types of vocal fold lesions that were treated and 
2) emphasize the critical importance and appropri- 
ate use of videostroboscopy in the clinical manage- 
ment of professional voice users. 
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Fig 3, continued. F) After removal of subepithelial fibrovascular tissue, inferiorly based epithelial microflap is retracted. Note 
transparent and translucent nature of epithelium. G) Once subepithelial mass has been removed, there is redundant epithelium. 
Strip of epithelium (1.5 mm) is excised from superior aspect of microflap. H) Surgical dissection is based on identifying 
interface of lesion and SLP, which is enhanced by subepithelial infusion (see D). After subepithelial infusion on left and 
epithelial cordotomy, subepithelial fibrotic tissue is sharply dissected from underlying normal SLP. Note that centrally placed 
lesion allows for enhanced visualization of distal part of instruments and enhanced retraction of soft tissue. I) Subepithelial 
fibrosis has been separated from overlying epithelium, and it is resected sharply. J) Inferiorly based epithelial microflap is 
retracted. Subepithelial fibrosis has been removed, and there is maximal preservation of normal underlying SLP and overlying 
epithelium. K) Vocal folds are now smooth and straight, with excellent apposition of epithelial edges so that epithelia! cordot- 
omies are barely visible. 


Patient Postsurgical Self-Assessment. At the time was prior to surgery?" The patients were required to 
of the postsurgical assessment by the laryngologist, respond using a 3-interval forced-choice scale: | = 
each patient was asked to respond to the question, same, 2 = worse, and 3 = better. The patients were 


"How is your voice now as compared with how it carefully advised to return for reexamination if their 
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Fig 4. Broadway musical theater performer, 37 years old, has had severe recurrent hemorrhage in right vocal fold. Despite 
some vocal deterioration over past 5 years, she is singing well. A) Coronal-section diagrams of vocal folds during vibration at 
low pitch and high pitch. There is less functional SLP underlying lesions at high pitch, which leads to inefficient and more 
disordered oscillation. B) Remarkably, dysphonia is not her primary complaint, despite obvious phonotraumatic lesions. C) 
There is 3.5-mm fibrovascular polyp on medial aspect of right musculomembranous vocal fold. There is prominent varix 
noted anterior to it. There are multiple prominent varices on superior surface of left midmusculomembranous vocal fold. On 
medial surface, there is fibrovascular nodule. D) Fiber from 585-nm pulsed dye laser can be seen directed at prominent varix. 
E) After use of pulsed dye laser, feeding vessel demonstrates dark color due to photoangiolysis and intravascular coagulation. 


(Continued on next page.) 


vocal quality deteriorated after the final voice evalu- 
ation. 
OBJECTIVE MEASURES 

Acoustic Assessment. Each patient was seated in a 
sound-treated room (IAC booth) and wore a head- 
band device that suspended an electret condenser mi- 
crophone a constant distance of 15 cm from the lips. 
The output of the microphone was fed to a preampli- 


fier and then recorded on digital audiotape. A cali- 
bration tone of known intensity (decibels sound pres- 
sure level [SPL]) was recorded before each patient 
evaluation and used as a reference for acoustic analy- 
sis. Recordings were made as each patient performed 
the following tasks: 1) read a standard passage (the 
Rainbow Passage), 2) sustained the vowel /a/ 3 times 
holding pitch and loudness as "steady" (constant) as 
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Fig 4, continued. F) Subepithelial infusion is now done within SLP of right vocal fold. Note extensive distention that can be 
achieved with saline solution because of unusually large volume of SLP. This anatomic characteristic of SLP. which is associ- 
ated with musical theater performance (belting), has allowed her to perform despite bilateral mass lesions of her vocal folds. 
G) After epithelial cordotomy, microflap is retracted with curved alligator forceps, and mini-micro scissors is used to create 
dissection plane at interface between fibrovascular mass and normal underlying SLP. Surgical dissection is based on identify- 
ing interface of lesion and SLP, which is enhanced by subepithelial infusion (see F). H) Subepithelial resection of vascular 
mass has been done. There is slight vascular staining of SLP anteriorly, which is result of dissection of subepithelial mass. I) 
There is excellent coaptation of epithelial edges so that cordotomy incision is barely perceptible. Afterward, lesion on left 


vocal fold was resected. 


possible for at least 3 seconds, 3) sustained the /a/ 
vowel 3 times at a comfortable level for as long as 
possible on 1 breath, and 4) produced the /a/ vowel 
at the “softest” (without whispering) and “loudest” 
sustainable levels possible 3 times each, and pro- 
duced the /a/ vowel at the “highest” and “lowest” 
sustainable pitches possible 3 times each. The audio 
recordings of the reading passage ( 10-kHz sampling 
rate) and vowels (20-kHz sampling rate) for each pa- 
tient were digitized and processed on a Pentium II/ 
300 PC workstation with software that is commer- 
cially available (Computer Speech Lab, Kay Ele- 
metrics, Inc). The reading passage was analyzed to 
yield measures of average fundamental frequency 
(FO) and intensity (decibels SPL). The steadiest 1- 
second segment from the midportion of each of the 
/a/ vowels produced for 3 seconds was analyzed to 
yield the percent frequency perturbation (jitter), the 
percent intensity perturbation (shimmer), and the 


noise-to-harmonics ratio. The maximum phonation 
time was determined from the longest sustained /a/ 
vowel. The maximum intensity range was obtained 
by analyzing the intensities for the vowels produced 
with “softest” and “loudest” sustainable phonations 
(maximum range equals highest intensity minus low- 
est intensity). The maximum frequency range was 
obtained by analyzing the Fo (hertz) for the vowels 
produced with the "highest^- and "lowest -pitched 
phonatory gestures (maximum range equals highest 
FO minus lowest F0). 


Electroglottographic Assessment. Electroglotto- 
graphic recordings were obtained simultaneously with 
the acoustic recordings by means of a neck band that 
held surface electrodes against the skin over the thy- 
roid lamina of the larynx. The electroglottographic 
signals obtained during sustained (3 second) vowel 
production were analyzed to yield an average duty 
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Fig 5. A) Coronal-section diagrams of vocal folds during vibration at low pitch and high pitch. Similar to conditions in 3A and 
4A, there is less functional SLP underlying lesions at high pitch, which leads to inefficient and more disordered oscillation. B) 
Subepithelial infusion has been performed on left vocal fold, and one can see white-appearing mass through transparent 
epithelium near medial surface. There is very minimal contour change from mass in medial surface of left vocal fold. On right, 
there is fusiform prominence of medial surface of midmusculomembranous vocal fold. C) Surgical dissection is based on 
identifying interface of lesion and SLP, which is enhanced by subepithelial infusion. After epithelial cordotomy, epithelial 
microflap is retracted medially and blunt dissector is positioned between cyst and underlying normal SLP. Note angulation of 
hand instruments and centrally located lesion. D) There is some fibrous adherence of cyst to overlying epithelial basement 
membrane. Cyst is retracted with blunt dissector, and fibrous attachments can be seen. E) Area of fibrous attachment (1 mm) 
is maintained posteriorly as means of retraction. It is sharply dissected from residual normal SLP with micro scissors. (Contin- 


ued on next page.) 


cycle measure (duty cycle equals time vocal folds 
are apart divided by period of vocal fold vibration). 


Aerodynamic Assessment. Aerodynamic testing 
was done with an Aerophone system (Kay Elemet- 
rics, Inc). The patients produced 3 strings of 5 /pae/ 


syllables at both a comfortable (normal) level and a 
loud (as if to be heard across the room) level while 
the following measures were obtained: 1) oral air- 
flow measured with a pneumotachograph mounted 
in a face mask and 2) intraoral air pressure measured 
with a translabially placed catheter connected to a 
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Fig 5, continued. F) Posterior fibrous attachment allows for retraction of cyst without rupture so that it can be withdrawn from 
epithelial cordotomy. G) Subepithelial infusion is done in right vocal fold. Note translucent nature of most of vocal fold and 
medial white area in region of fusiform mass. White area is not spheroid and suggests fibrotic process secondary to long-term 
basement membrane zone injury with associated dense fibrosis. H) Vocal fold is retracted, and epithelial cordotomy is done at 
edge of lesion. I) Curved alligator forceps is used to retract epithelial microflap. Second mini-micro alligator forceps was used 
to dissect underlying fibrosis from overlying epithelium. Fibrotic tissue, which is being retracted, had been previously dis- 
sected with mini-micro scissors. Again, notice extreme angulation of instruments, which enhances retraction and visualiza- 
tion, and which is facilitated by lateral slots in UM glottiscope. J) Portion of fibrous tissue is withdrawn through epithelial 
cordotomy. K) Right vocal fold is now smooth and straight, after subepithelial resection of phonotraumatic fibrosis. On left, 
there is slight edema of flap, which will resolve over several days and which should not be resected. Again, there is excellent 
coaptation of epithelial edges so that cordotomy incisions are barely perceptible. 





pressure transducer. The flow and pressure signals flow rate (liters per second) and subglottal air pres- 
were digitized and analyzed by the Aerophone sys- sure (centimeters of water). The middle 3 syllables 
tem to yield indirect estimates of average glottal air- of each string were analyzed to yield 9 measures per 
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Fig 6. Musical theater performer, 49 years old, who has had extensive Broadway career and recurrent vocal hemorrhages. In 
addition, she has developed vocal instability that begins after approximately 30 minutes of performance. A) There are multiple 
phonotraumatic ectasias and varices generally located on superior surface of midmusculomembranous vocal folds. B) Subepi- 
thelial infusion of saline solution and 1/10,000 epinephrine is done on left. C) After epithelial cordotomy, epithelium is 
grasped with curved alligator forceps to allow for sharp dissection of vascular mass. D) Subepithelial resection of mass is 
performed with maximal preservation of overlying epithelium and underlying SLP. Note that only last serration of mini-micro 
alligator forceps is used to retract subepithelial soft tissue. (Continued on next page.) 


loudness condition that were then averaged to pro- 
duce | data value per condition. 


RESULTS 
The distribution of the primary vocal activities 
among the cohort of performers is shown in Table 1. 
The ages of the patients ranged from 16 to 62 years, 
and the median was 32 years. The distribution of the 
lesions that were encountered is displayed in Table 
2. Postoperative subjective assessment rating by the 


patients revealed that 182 of the 185 thought that their 


performing voice was improved. Three of the 185 
described no change (1 of 3 had extensive resection 
of keratosis with atypia), but no patient reported de- 
terioration of his or her voice. All patients returned 
to full vocal activities. Complete postoperative voice 
assessments with objective measures were available 
for 127 of the 185 individuals. Although all patients 
underwent preoperative objective assessment, many 
patients were not available for a complete long-term 
postoperative evaluation because of performance 


scheduling and geographic inconvenience. 


The average presurgery and postsurgery values for 
the acoustic and aerodynamic measures of vocal 
function that are gender-sensitive are shown sepa- 
rately for the male and female patient groups in Table 
3. In the male group, the only measures that reflected 
presurgical abnormality were average SPL for read- 
ing and maximum phonation time. After surgery, there 
were no abnormal values; moreover, there was a sig- 
nificant increase in maximum phonation time (p < 
.05, simple t-test). In the female group, there were 
no presurgical abnormalities. After surgery, there were 
no abnormal values, and there were increases in max- 
imum phonation time, average F0 for reading, maxi- 
mum F0, and maximum FO range (p < .05, simple t- 


test). 


A comparison of the average presurgery and post- 
surgery values for the remaining measures of vocal 
function for the entire patient group is shown in Table 
4. Presurgical abnormalities were reflected in an ele- 
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Fig 6, continued. E) Similar procedure is done on more anterior phonotraumatic vascular anomaly. Examining speculum of 
UM glottiscope allows for lesion to be centered in lumen of scope. This fact, along with lateral proximal slots, allows for 
excellent angulation of instruments and in turn retraction of epithelial microflaps. F) Sharp pick is employed to dissect out 
superior-surface varix. G) On lower power through UM glottiscope, one can see that vascular malformations have been 
resected by means of cold instruments. Lancet-arch conformation of scope allows for maximal visualization of glottis. Supe- 

rior surfaces of vocal folds are visualized well into ventricle and on superior surface of anterior commissure tendon. H) Im: ige 
in G, seen in higher magnification. Note that vascular lesions have been cleared from "striking zone, ?? and multiplicity of 
epithelial cordotomies i Is difficult to perceive, since there was no significant loss of epithelium or layered microstructure 


vated percent shimmer for sustained vowels and an 
elevated subglottal pressure in men for comfortable 
voice production. None of the measures were abnor- 
mal after surgery. There were significant (p € .05) 
postsurgical decreases in the percent shimmer for sus- 
tained vowels and the subglottal pressure for loud 
voice production, as well as significant increases in 
the SPL-subglottal pressure ratios for loud voice, 
which reflect an increase in the efficiency of phona- 
tion. 


Almost all of the nodule patients who had surgi- 
cal intervention underwent extensive vocal rehabili- 
tation therapy with a speech pathologist (with classi- 
cal singing training) and were found to have recalci- 
trant lesions (Figs 3 and 5) before phonomicrosur- 
gical intervention.?* During the operation, they were 
visually observed to have fibrovascular changes that 
were often adherent to the epithelial basement mem- 
brane (Fig 5I). 


Ten of the 185 patients required a second surgical 
procedure. All 10 are vocally improved, singing ac- 
tively, and very satisfied with their outcome. Com- 
plete presurgical and postsurgical data were avail- 
able in 7 of the 10 patients subsequent to the second 
procedure. Four of the 10 (2 pop or rock, | classical, 
| musical theater) developed recurrent vocal nod- 
ules meriting a second procedure between | and 2.5 
years after the first. Two of the 4 continue to have 
mild nodular changes but are singing well, and their 
voices remain better than at their preoperative pre- 
sentations. Two of the 10 (1 pop or rock, | jazz or 
blues) abused their voices approximately 3 days af- 
ter operation and required an immediate second pro- 
cedure to eradicate a new vascular lesion. Two of 
the 10 (pop or rock) developed a new polyp 1.5 and 
2.5 years later. One of the 10 (broadcaster) has pap- 
illomatosis. One of the 10 (classical) was noted to 
have a residual fibrovascular nodule in the early post- 
operative period. Although the patient had formidable 
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TABLE 1. PRIMARY SINGING STYLE OR VOCAL 











ACTIVITY 
No. of Patients 
Classical 82 
Pop or rock 44 
Musical theater 26 
Jazz or blues 9 
Folk 8 
Gospel 7 
Broadcaster 2 
Country 3 
Clown l 
Total 185 











coughing in the immediate postoperative period, most 
likely the initial ultraconservative resection failed to 
entirely remove the lesion. The residual nodule was 
approximately 25% of its size at original presenta- 
tion and was reexcised with an excellent outcome. 
Three of the 185 patients only partially followed (ap- 
proximately 1 week) the voice rest protocol and had 
no untoward effect. Therefore, 182 of the 185 re- 
ported following the voice rest protocol successfully. 


DISCUSSION 


Phonomicrosurgery in performing artists has his- 
torically been associated with controversy because 
of variable results, as well as divergent opinions about 
the pathogenesis of lesions and the potential for non- 
surgical reversibility. Furthermore, the tremendous 
societal visibility of performers leads to significant 
publicity both in and out of the entertainment indus- 
try if suboptimal surgical outcomes occur. Paradoxi- 
cally, excellent results are often obscured by the art- 
ists' desire to conceal the injury and surgery for fear 
it will have a career-damaging affect. This fear arose 
from a commonly held misunderstanding in the en- 
tertainment industry that the need for surgical inter- 
vention suggests compromise or a flaw in the per- 
former. In fact, the sustained injury or lesion is fre- 
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TABLE 2. DISTRIBUTION OF LESIONS ENCOUNTERED 














Lesion No. 
Nodules in 119 patients (24 male, 95 female) 201 
Polyps 71 
Varices and ectasias 66 
Cysts 13 
Keratosis 8 
Granuloma 2 
Papilloma 2 
Reinke's edema 2 
Total 365 


Many patients had more than | lesion. 


quently the result of high-level professionalism that 
motivates a vocalist to perform despite routine ill- 
nesses. Finally, the performer often has questions and 
subsequent concerns that he or she has not properly 
taken care of this gift or talent. Unlike a dancer, who 
can use visual feedback (mirror) to make adjustments, 
the singer is dependent on more subjective methods 
of sensation, proprioception, and self-perception of 
acoustic quality. These professional and emotional 
issues can substantially affect the surgeon's discus- 
sions with the patient regarding the nature of the per- 
former's lesion and the pathway for intervention and 
rehabilitation. 


This investigation was performed to examine the 
results of phonomicrosurgery in vocal performing 
artists, since the literature is extremely sparse in this 
area and because there are unique circumstances and 
expectations related to these procedures. In terms of 
the important metric of patient self-assessment, near- 
ly all patients reported improvement in their voice 
production subsequent to surgery. This prospective 
study commenced before formal patient self-assess- 
ment outcome instruments were established. Given 
the present mainstream acceptance of such measures, 
we have recently adopted this approach for future 
studies. Objective acoustic and aerodynamic mea- 


TABLE 3. RESULTS OF ACOUSTIC AND AERODYNAMIC MEASURES FOR MALE AND FEMALE GROUPS 









































Men Women 
Measure Presurgery Postsurgery p (t-test) Presurgery Postsurgery p (t-test) 
Average SPL, reading (dB) 68.7 Tb .203 69.0 69.5 .639 
Average Fo, reading (Hz) 130 134 247 197 204 .000 
Maximum SPL range (dB) 51.9 22.1 .718 52.0 49.4 .320 
Maximum Fo (Hz) 624 616 .861 847 910 .027 
Maximum Fo range (Hz) 335 528 .885 712 TH .025 
Maximum phonation time (s) 16.7 20.1 .019 16.4 19.6 .000 
Average flow, comfortable (L/s) 0.186 0.179 .697 0.189 0.175 .088 
Average flow, loud (L/s) 0.210 0.212 .929 0.184 0.168 .062 


Values in italics fall outside normal range; p values in bold indicate statistical significance (p € .05). 

Normal values used for comparisons: average sound pressure level (SPL) for reading, men 2 70 dB, women 2 68 dB; average fundamental 
frequency (Fo) for reading, men 82 to 146 Hz, women 180 to 240 Hz; maximum SPL range, 240 dB; maximum Fo, no normative values 
available; maximum Fo range, 22 octaves; maximum phonation time, men 218 seconds, women 214 seconds; average airflow rate for comfort- 
able voice, men <32 L/s, women <28 L/s; average airflow rate for loud voice, men €0.38 L/s, women $0.29 L/s. 
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_ TABLE 4. RESULTS OF ACOUSTIC AND 
AERODYNAMIC MEASURES FOR ENTIRE GROUP 


Measure Presurgery | Postsurgery p (t-test) 

Jitter (96) 1.203 1.05 .172 

Shimmer (96) 4.356 3,727 .002 

Noise-to-harmonics 0.139 0.135 .206 
ratio 

Electroglottographic 55.6 56.4 273 
duty cycle (56) 

Subglottal pressure, 8.3 7.9 .098 
comfortable (cm H20) 

Subglottal pressure, 13.8 12.4 .000 
loud (cm H20) 

SPL-subglottal pressure 9,6 10.1 .068 
ratio, comfortable 

SPL-subglottal pressure 6.6 7.3 .000 
ratio, loud 


Values in italics fall outside normal range; p values in bold indicate 
Statistical significance (p S .05). 


Normal values used for comparisons: jitter, <1.4%; shimmer, <3.8%; 
noise-to-harmonics ratio, £0.19; electroglottographic duty cycle, 5596 
to 65%; subglottal air pressure for comfortable voice, 3.3 to 8.1 cm 
H20; subglottal air pressure for loud voice, 4.2 to 12.5 cm H20; 
SPL-subglottal air pressure ratio for comfortable voice, 8.6; SPL- 
subglottal air pressure ratio for loud voice, 6.1. 


sures were obtained on a majority of patients, and 
this is the first time this type of data has been re- 
ported in the English-language literature. 


It is not surprising that objective measures could 
not be obtained on a sizeable number of patients (ap- 
proximately 30%) after operation. It is common for 


performers to be noncompliant with detailed final. 


assessments for a variety of reasons: travel distance, 
performance commitments, time constraints, etc. This 
cohort is unlike oncology follow-up subjects, who 
are geographically stable and in whom it is suspected 
that missing subject data) suggest poor survival, the 
primary metric for success. Poor outcomes in the vo- 
calist population would have been captured by pa- 
tient responses to the postsurgical self-assessment 
questioning. In fact, difficulty in getting patients to 
return for final assessment typically indicates that 
they are performing successfully and are not moti- 
vated to return for an evaluation that will not alter 
their function. 


OBJECTIVE MEASURES OF VOCAL FUNCTION 
It is not surprising that only a few of the “objec- 


` tive" measures (Tables 3 and 4) reflected abnormali- 


ties in vocal function before surgery. Current state- 
of-the-art objective measures of vocal function 
(acoustic, aerodynamic, and electroglottographic) 
and standard voice assessment protocols are not at a 
point of development or sophistication that allows 
for the valid and reliable evaluation of typical higher- 
level vocal performance-related factors, eg, changes 
in timbre or control, especially during a light pas- 


sagio, inability to consistently sing high-pitched and/ 
or soft notes, decreased stamina, etc. These symp- 
toms may occur at any singing encounter or more 
generally may affect one's ability to complete a tour 
or performance schedule. 


All objective vocal function measures fell within 
normal limits after operation, including the few that 
demonstrated presurgical abnormalities. However, 
given the relative insensitivity of standard objective 
vocal function measures to higher-level vocal perfor- 
mance-related factors, it is even more noteworthy 
that so many of the objective measures displayed sta- 
tistically significant postsurgical changes (total of 8 
measures) reflecting postsurgical improvements in 
vocal function. In addition to a significant reduction 
in amplitude perturbation for the entire group (from 
abnormal to normal), such changes in measures most- 
ly reflect an overall improvement in the efficiency 
of voice production. This improvement was demon- 
strated by increases in F0 range and maximum pho- 
nation time, as well as a reduction in the subglottal 
pressure needed to drive loud phonation. 


It could be argued that other parameters provide 
more valid and reliable metrics for evaluating suc- 
cess in this patient cohort than do currently avail- 
able acoustic and aerodynamic measures that do not 
necessarily measure the ability to sing: patient assess- 
ment of improvement or deterioration, need for fur- 
ther surgery, and complications. These criteria, in as- 
sociation with the aforementioned acoustic and aero- 
dynamic outcome data, reflect the efficacy of surgi- 
cal intervention with vocal rehabilitation for consis- 
tently enhanced vocal function. 


Detailed analysis of preoperative and postopera- - 
tive stroboscopy provided confirmation of the sub- 
jective assessment. Stroboscopy provides invaluable 
information regarding epithelial pliability when em- 
ployed effectively to compare a variety of vocal ges- 
tures and conditions (ie, high-pitched and low-pres- 
sure phonation). This information can be critical for 
prognosticating a postsurgical result. However, stro- 
boscopy has limited application as a research method 
because of its overwhelming and unavoidable sub- 
jectivity. The wide range of other shortcomings of 
this technique as an investigational metric has been 
previously delineated.^? 


Stroboscopy yielded a number of descriptive find- 
ings that support the improvement perceived by pa- 
tients. Most patients presented with an abnormal vo- 
cal fold edge before surgery, and most had a normal 
edge after surgery. It was not unusual to see a slight 
undulation of the vocal edge after removal of le- 
sions. However, glottal closure was dramatically 
improved after surgery, as were the amplitude, mag- 
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nitude, and phase symmetry of mucosal wave activ- 
ity. The majority of patients who had smooth vocal 
folds before surgery presented with subepithelial ec- 
tasias and varices, and the indication for surgery was 
recurrent vocal hemorrhage.*’? Approximately one 
third of patients displayed postoperative asymmetry 
in the phase of vocal fold vibration, primarily on high- 
pitched phonation. This finding can be explained by 
the differential viscoelasticity of the vocal folds that 
can be secondary to hyperfunction and/or organic al- 
teration of the SLP. The organic stiffness primarily 
relates to the fact that the lesion has replaced some 
of the SLP, and resection of the lesion cannot fully 
restore mucosal pliability because of the lost SLP. 


Analysis of the glottal closure patterns revealed a 
postoperative increase in the number of patients who 
had a posterior chink in the musculomembranous re- 
gion. Many of those who presented with an hour- 
glass closure pattern were left with a posterior chink. 
We believe this is a manifestation of persistent hy- 
perfunction and the need for further voice therapy. 
The hyperfunctional behavior that results in the pos- 
terior chink may very well have been a closure pat- 
tern that was instrumental in the development of the 
lesion(s). We are currently investigating these con- 
cepts. 

SURGICAL DECISION-MAKING 


Surgical intervention in vocal performing artists 
presents a unique set of circumstances to the laryn- 
gologist. The patient population is typically outgo- 
ing, often quite sophisticated in regard to prior laryn- 
gological problems, and frequently outspoken about 
their previous care. A reticent performer is practical- 
ly an oxymoron. Singers are vocal athletes and should 
be managed at a level of precision and sophistication 
commensurate with their needs. The indication for 
phonomicrosurgical intervention is rarely one of in- 
herent systemic danger to the patient. Phonomicro- 
surgery is typically done because there is a functional 
performance-related deficit that is accompanied by 
a lesion that can be considered a major etiologic fac- 
tor. 


There is no exact formula for which patients should 
undergo surgical intervention and/or how long any 
patient should undergo voice therapy before surgery. 
The timing of surgery and the extent of preoperative 
voice therapy should be individualized on the basis 
of lesion characteristics, as well as concomitant in- 
flammation from vocal abuse, reflux, infection, men- 
strual swelling, and/or smoking. Furthermore, the 
preferences of the patient, voice therapist, and sur- 
geon are interdependent influences in the decision- 
making process. Finally, performance, recording, and 
traveling schedules frequently delineate the window 


of opportunity for comprehensive intervention. 


Patients’ biases about management strategies based 
on their previous experiences with their performing 
colleagues is an extremely important consideration. 
The surgeon should generally avoid persuading a per- 
former to undergo surgery. Informed consent is an 
extremely important issue because of the sophistica- 
tion of vocalists. Surgeons must discuss the unlikely 
possibility that the voice can be made worse by a 
procedure. It is valuable to educate the patient in vo- 
cal fold physiology so that he or she can understand 
how surgical restructuring of the vocal fold(s) will 
enhance mucosal pliability, glottal closure (aerody- 
namic competency), and, ultimately, vocal efficiency. 
This was done with every patient in this series. This 
approach engenders a mutual responsibility for the 
decision of pursuing the elective procedure. 


Patients should also be counseled that it is com- 
mon to discover additional lesions during a micro- 
scopic examination under general anesthesia as com- 
pared with a clinic setting. High-powered magnifi- 
cation and the ability to retract the vocal folds often 
result in the identification of previously indiscern- 
ible abnormalities. Consent should be obtained to 
work on both vocal folds so that surgical judgments 
are not restricted during surgery unless unilateral sur- 
gery is unequivocally indicated. Finally, surgeons 
should relate their personal experience with the par- 
ticular problem. In a performing vocalist population, 
unfavorable results will often become widespread in- 
formation because of collegial networking among art- 
Ists. 

Patients should be helped to understand that they 
should not be unduly fearful of surgery, since many 
of them are performing with injured vocal folds and 
a procedure will often provide an opportunity for sig- 
nificant skill advancement./ Many performers have 
been masking the lesion-induced vocal aberration by 
expending tremendous compensatory effort by means 
of increased aerodynamic support and muscular gym- 
nastics.^? In addition to acoustic vocal improvement, 
patients should understand that the effort of phona- 
tion may decrease and their stamina may improve, 
reflecting enhanced aerodynamic function and vo- 
cal efficiency. 

VOCAL NODULES: SHOULD THEY BE RESECTED? 


Phonomicrosurgical resection of vocal nodules is 
controversial, because some clinicians believe that 
nodules are reversible with proper vocal rehabilita- 
tion. This controversy relates partially to a lack of 
consistency in terminology and differences in phona- 
tory gestures (high pitch and low pitch) during diag- 
nostic observation. As Titze** has well described, the 
tissue changes of midmusculomembranous vocal fold 
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swelling are often referred to as nodules and prob- 
ably are reversible. In this series, nodules were con- 
sidered to be composed of permanent traumatic fibro- 
vascular changes of the SLP.*9.44 This fact was borne 
out during surgery after palpation of the nodules and 
by examining the SLP under high magnification af- 
ter epithelial cordotomy. Additionally, almost all of 


.. the nodule patients underwent extensive vocal reha- 


bilitation therapy with a speech pathologist (with clas- 
sical singing training). Those who were found to have 
recalcitrant lesions with commensurate dysphonia that 
could be explained by the presence of these lesions 
underwent phonomicrosurgical intervention. Our ex- 
perience has revealed that although many patients 
develop significant improvement in vocal function 
after therapy, the vast majority of lesions that we con- 
sider nodules do not involute.4$ | 


Despite the fact that 201 of the 365 lesions were 
nodules, a large number of patients who presented 
with nodules did not undergo surgery because their 
function improved to an adequate level of satisfac- 
tion. Vocal rehabilitation therapy will frequently en- 
hance performance and function so that surgery is 
unnecessary. One of the reasons that our surgical 
nodule population was high might be related to the 
fact that nearly half of the performers in this patient 
cohort were classical singers and the vocal require- 
ments of these individuals probably require optimal 
anatomy. Phonomicrosurgical resection was success- 
ful in that virtually all patients were functionally bet- 
ter and only 5 of 119 individuals required surgery 
for recurrent or persistent lesions. However, this suc- 
cess should not be interpreted to mean that all pa- 
tients developed and maintained perfectly smooth 
and straight vocal folds. 


OBSERVATIONS ABOUT SLP ASSOCIATED WITH 
LESIONS IN VARIOUS PERFORMANCE STYLES 


A number of consistent observations were made 
about the SLP of patients with phonotraumatic nod- 
ules and polyps, based on the correlation of strobos- 
copy and intraoperative high-magnification examina- 


tion. These observations are probably the most criti- 


cal development from this 8-year prospective inves- 
tigation, since they suggest a new paradigm for under- 
standing biomechanical vibration associated with vo- 
cal edge lesions and, in turn, treating them. The new 
paradigm has implications for the methods we em- 
ploy to examine patients, assess and discuss their vo- 
cal function, and perform surgery. These observations 
are also critical for prognosticating patients’ vocal 
outcome from surgery and for designing new proce- 
dures. 


Most notably, when a phonotraumatic mass is seen 
on the medial edge of the vocal aperture, it can be 


assumed that a significant component of the mass 
lies beneath the surface in all 3 dimensions, similar 
to an iceberg floating in water (Figs 3-5). In the case 
of vocal nodules, the surface irregularity that visu- 
ally protrudes into the glottal aperture increases in 
higher-pitched phonation as the underlying SLP is 
thinned (Fig 3A). This phonatory condition leads to 
deterioration of vocal fold oscillation and function, 
which are dependent on glottal closure and epithe- 
lial pliability. Clinicians should clearly understand 
that functionally, the mucosa comprises the epithe- 
lium and underlying SLP“ and that the SLP accounts 
for a majority of the viscoelastic properties of the 
vibrating mucosa. The epithelium serves mainly to 
passively encapsulate the SLP*; ie, the epithelium 
essentially assumes the vibratory properties of the 
underlying SLP. Although there is vibration of the 
ligament-muscle complex (body), the primary source 
of the mucosal wave is the residual SLP.^7 Many in- 
dividuals do not make a distinction between epithe- 
lium and mucosa, which leads to confusion in the lit- 
erature and incorrect surgical management strategies. 


It is interesting that in 1836, Bishop^$ deduced by 
means of anatomic dissection that the vocal mem- 
brane was the primary oscillator responsible for la- 
ryngeal sound production. This finding was prior to 
the existence of the field of laryngology and its ad- 
vantage of observation using mirror laryngoscopy. 
In his seminal work entitled “Experimental Re- 
searches Into the Physiology of the Human Voice," 
he stated, “The true vibrating surface of the glottis is 
the mucous membrane. The vocal cords confer on it 
the tension, resistance, position, and probably other 
conditions necessary for vibration.'4? It seems rea- 
sonably safe to assume that Bishop is referring to the 
dense ligament and underlying muscle as the vocal 
cord and to the overlying mucosa as defined by Titze*’ 
as the membrane. | 


When a mass lesion on the medial surface of the 
vocal fold disrupts glottal closure, vibration is im- 
paired because of deformation and restriction of mu- 
cosal wave propagation, as well as air leakage. When 
there is adequate glottal closure, effective vocal fold 
oscillation is predicated upon the pliability of the re- 
maining normal SLP underlying the abnormal (stiff) 
fibrovascular lesion. This concept is demonstrated 
when we encounter patients who have large lesions 
and yet relatively normal conversational voices. Con- 
versely, a patient who has a straight vocal edge and a 
subepithelial cyst in the midmusculomembranous re- 
gion (replacing the SLP) typically has very poor vo- 
cal quality. These individuals have great difficulty 
modulating the glottal airstream because of the se- 
vere differential viscoelasticity of the SLP between 
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the vocal folds and within the involved fold. On the 
basis of stroboscopic observations of a variety of le- 
sions, we believe that optimally entrained vocal fold 
oscillation is enhanced by symmetry of viscoelas- 
ticity. This principle is illustrated by the diplophonia 
that occurs when an individual with a paralyzed vo- 
cal fold attempts loud phonation, which overdrives 
the flaccid side. 


The physiological importance of the residual SLP 
can also be demonstrated in almost any individual 
with a polyp and/or nodule. During phonatory ges- 
tures at lower frequencies, the residual normal SLP, 
which is adjacent to the vocal ligament and deep to 
the lesion, is still functioning. Typically, if vocal in- 
tensity is held relatively constant or reduced, elevat- 
ing pitch leads to thinning of the underlying SLP as 
the thyroarytenoid muscle is tensed, and thus better 
visualization of the lesion. Ultimately, a pitch is 
reached at which the voice "breaks" and entrained 
oscillation of the vocal folds ceases. At this point the 
lesions may appear to “freeze” or “lock” in position, 
with vibrations occurring in subsections of the re- 
maining healthy mucosa (usually out of phase with 
each other). Essentially, given a relatively straight 


vocal fold edge, vocal stability and oscillation are : 


dependent on the ratio of pliable residual SLP to the 
overlying stiff lesion that is created by pathological 
soft tissue adjacent to the epithelial basement mem- 
brane. This mechanical failure is further exacerbated 
by impaired glottal closure at higher frequencies, be- 
cause as the pliable SLP is thinned, the lesion pro- 
trudes into the glottal aperture, thereby inhibiting glot- 
tal closure and reducing effective valving of the air- 
stream. 


It should be noted that in selected circumstances, 
vocal stability can be achieved at the extreme upper 
end of the pitch range in individuals with sessile, 
stiff basement membrane zone injury. This is pos- 
sible because the function of the residual SLP has 
been obviated and the fibrous subepithelial tissue 
simulates oscillation of the body (vocal ligament) of 
the vocal fold. In other words, in this unique scena- 
rio, symmetry is reestablished. An alternative mech- 
anism for reaching extremely high pitches in the pres- 
ence of fibrovascular lesions is for bilateral subsec- 
tions of the vocal folds, either anterior or posterior 
to the stiff, nonvibrating region, to generate entrained 
oscillation. 


The importance of the relationship of the SLP to 
the pathological tissue is critical for understanding 
variances in conversational-level versus performance- 
level vocal fold function in the presence of vocal fold 
lesions. We have made a number of subjective obser- 
vations, based on the stroboscopic examinations, that 


lead to a variety of theories. 


For example, musical theater performers and gos- 
pel singers frequently appear to have "larger" vocal 
folds, primarily because of an increased volume of 
the SLP, which is reminiscent of Reinke’s edema. 
similar to the Reinke's edema patient, in whom a 
primary phonatory mechanism is elevated subglottal 
pressure for voice at conversational levels, *! gospel 
and musical theater performers sing with very high 
subglottal pressure (belting). Long-term high-pres- 
sure singing appears to lead to an increased volume 
of the SLP and elevated medial collision forces, with 
chronic basement membrane zone trauma and fibro- 
sis on the medial valving surface of the vocal folds. 
In turn, their associated vocal mechanism is typically . 
aerodynamically inefficient because of the increased 
mass and decreased pliability. This inefficiency is 
evident acoustically and visually (stroboscopy) when 
these individuals attempt high-pitched, soft-intensity 
(low-pressure) singing, especially through the regis- 
ter transition (passagio). Furthermore, these individu- 
als often have characteristically loud and low-pitched 
conversational voices due to the increased volume 
and stiffness of the SLP, which appear to be induced 
by performance-related factors. 


Classical singers typically appear to have smaller 
vocal folds than their musical theater colleagues, per- 
haps associated with their greater need for precise 
control. If mild irregularities are observed on the me- 
dial surface of the musculomembranous vocal folds, 
high-pitched, low-pressure vocal gestures during 
stroboscopy will better delineate the geographic lo- 
cation of the subepithelial fibrosis. Given the preci- 
sion requirements of classical performance, it is not 
surprising that nodules in opera singers were the most 
common lesions requiring surgery. 


In the aforementioned model, the volume and pli- 
ability of the residual SLP are as important to vocal 
function as the lesion that is visualized on the sur- 
face. Stroboscopy is critical for voice management, 
since it is our principal method to assess the primary 
oscillator, the residual SLP. This functional model 
of vocal fold vibration is catalyzing future imaging 
methods such as confocal microscopy (unpublished 
data) and optical coherence tomography,*9°® which 
should provide improved methods to enhance evalu- 
ation of the SLP and associated lesions. 

CONCEPTS IN PHONOMICROSURGERY: PAST, 
PRESENT, AND FUTURE 

Repairing tissue trauma will remain in the domain 
of the surgeon for the foreseeable future, and there 
are probably very few singers without traumatic ana- 
tomic changes of the layered microstructure of their 
vocal folds. Essentially, singers are vocal athletes, 


and it is normal for them to sustain performance- 
related soft tissue trauma. Therefore, the decision to 
perform surgery is based on whether the procedure 
to correct the trauma is less of a vocal liability than 
the self-induced soft tissue changes. 


Until now, emphasis has been almost universally 
placed on the lesion, since our endolaryngeal resec- 
tion techniques evolved from tumor surgery. In the 


19th century, it consisted of piecemeal mirror-guided . 


removal, and in the 20th century, it was done under 
direct vision and eventually with magnification. How- 
ever, amputation with resection of the overlying epi- 
thelium without identifying the interface of the lesion 
base and the residual normal SLP often leads to vari- 
able results. The subepithelial resection approach?52 
is based on high-magnification dissection between 
the lesion and its surrounding normal tissue, the un- 
derlying SLP and overlying epithelium. Preservation 
of the epithelium precludes the need for secondary 
epithelialization, thus leading to faster healing. It is 
similar to raising a skin flap to remove a neck mass. 
We believe that the lack of epithelial preservation is 
a primary reason that investigations that compare 
amputation (similar to creating a superficial abrasion) 
by means of cold instruments to use of the CO2 laser 
fail to find a substantial difference in function.515? 


The volume of sublesional normal SLP is as sig- 
nificant to vocal function as the presence of a sur- 
face lesion and will therefore dictate future develop- 
ments in endolaryngeal vocal edge surgery. Phonomi- 
crosurgical procedures will evolve until it is common- 
place to infuse202258 an inert viscoelastic biomate- 
rial or tissue-engineered SLP before a lesion resec- 
tion. Gray et al and others have been working steadily 
to characterize the SLP biochemically and biome- 
chanically.°3->> Insertion of a viscoelastic substance 
may even preclude the need for a resection of se- 
lected lesions if the basement membrane zone lesion 
is small. By simply infusing a biosubstance, we may 
be able to emulate the vibratory function of the mu- 
sical-theater vocal fold. In future phonomicrosurgical 
procedures, placement of an SLP substitute in the 
vocal fold will become just as important as what is 
resected from the surface. This will enable us to treat 
vocal folds that have become stiff and nonpliable 
from long-term vocal use. This condition is often as- 
sociated with the aging voice. 


Since tissue engineering initiatives?? should pro- 
vide a pliable SLP substitute in the not-so-distant fu- 
ture, the number of candidates for surgical interven- 
tion should expand dramatically in the coming years. 
We believe that replacing lost SLP will reveal that 
many of the characteristics of the aging voice, espe- 
cially in the vocalist, are the result of long-term trau- 
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ma to the SLP rather than true senescence. Since the 
most complex aspect of vocal performance is cen- 
tral nervous system processing, which remains large- 
ly undisturbed through most vocal careers, surgically 
repairing the lost pliability of the vocal folds will 
likely result in true vocal rejuvenation. Given the 
complexities and expectations of corrective voice sur- 
gery in singers, as well as the considerable attention 


that accompanies various performers, these surgical 


initiatives will probably serve as a harbinger of vo- 
cal edge surgery in the rest of the population. The 
exposure of these cases will probably catalyze new 
management standards for the rest of society, since 
the majority of hoarseness is the result of traumati- 
cally induced dysfunction in the SLP. 


An increased frequency of procedures in the gen- 
eral population will result from the fact that most 
forms of employment are communication-based and 
many individuals are delaying retirement and desire 
to work later in life. There is even the potential for 
the incidence of phonotraumatic problems to increase 
with further development and application of compu- 
ter voice recognition technology, especially as it re- 
places manual inputting (typing) of information.5758 


Insufficient pliable SLP with associated dyspho- 
nia is a widespread problem in divergent patient pop- 
ulations. It may occur from any form of glottal instru- 
mentation, including intubation (ie, premature in- 
fants). The population of successful laryngotracheal 
reconstruction patients typically exhibits limitations 
of vocal function,??-6! primarily due to lost SLP, de- 
spite the fact that they may also have glottal closure 
deficits. Aerodynamic valving incompetence can now 
be corrected in a variety of circumstances by the ex- 
trapolation of Isshiki’s!> framework procedures. 
Healed endoscopic glottal cancer defects represent a 
soft tissue model similar to the laryngotracheal re- 
construction population in terms of vibratory insuf- 
ficiency. Recent reconstructive initiatives?? can solve 
the aerodynamic leakage deficits of these children 
as they grow older. An SLP substitute may even pro- 
vide the opportunity to treat poorly oscillating la- 
ryngeal tissue that results from irradiation.6? There- 
fore, it is evident that the development of a biosub- 
stitute for inadequate residual SLP in the musculo- 
membranous region remains the essential common 
pathway for voice restoration in these divergent popu- 
lations. 


PERFORMERS' ATTITUDES ABOUT SURGERY 


Some performers, especially classical vocalists, are 
concerned that phonomicrosurgical intervention im- 
plies that they are singing incorrectly and therefore 
suggests compromised professionalism. We believe 
that this philosophy is incorrect and leads to undue 
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fears about future recovery and/or reinjury. Similar 
to other athletes, vocal performers should be per- 
ceived as professionals with potentially long careers 
for whom it is common to sustain injuries. Injuries 
in other athletic endeavors are not typically perceived 
as a limitation of skill or competency. Since high- 
level performance inherently involves the application 
of intense shearing stresses and collision forces to 
the delicate layered microstructure of the vocal folds, 
traumatic injury, to some degree, should be expected. 
In fact, many performers sustain injuries due to the 
magnitude and array of performance opportunities 
that arise from their success, as well as injuries due 
to their professionalism and desire to perform at their 
— highest capabilities despite routine frailties such as 
the common cold. Singers are frequently perform- 
ing with a repairable mechanical deficit, and phono- 
microsurgical intervention can provide an opportu- 
nity for substantial career advancement. 


It would be helpful if the stigma could be dispelled 
that compromised and unreliable performance is of- 
ten associated with singers who require surgery. To- 
ward that end, an open dialogue among performers 
as is consistent with issues of privacy would be ben- 
eficial to many vocalists past, present, and future. It 
is hoped that well-known experienced sirigers repre- 
senting the spectrum of performance styles will take 
a leadership role in this issue, which would likely 
alleviate the anxiety of many young vocalists. Dis- 
cussions of circumstances that predispose to injury 
might even provide constructive pathways to dimin- 
ish performance-related phonotrauma. Eventually, 
this approach might alter practices of performance 
that are potentially unhealthy, 1e, 5-show weekends 
and 8-show weeks (intramunicipal) and overschedul- 
ing of concert tours. 





GENERAL COMMENTS 


The success encountered in this series is the result 
of a number of factors. The management of perform- 
ing artists requires a collaborative team approach, in 
and out of the operating room. The speech patholo- 
gist and/or singing therapist is an especially critical 
member of the team. Phonomicrosurgery on perform- 
ing artists should be done primarily under the high- 
est possible magnification. The technique of epithe- 
lial cordotomy and subepithelial resection2®-+!:42 re- 
sults in maximal preservation of the vocal folds’ lay- 
ered microstructure. This approach was designed to 
shorten healing time so performers could return to 
full activity as soon as. possible. Typically, patients 
commence singing at 3 weeks and can be profession- 
ally performing in 5 to 8 weeks. 


CONCLUSIONS 


1. Successful phonomicrosurgical resection of 
most commonly encountered lesions can be achieved 
in singers and performing artists. 


2. The success reported herein is the result of im- 
provements in our understanding of the physiology 
underlying vocal fold oscillation combined with tech- 
nical developments in phonomicrosurgical methods 
and instruments. 


3. A team approach including sophisticated vo- 
cal rehabilitation is of paramount importance. 


4. The patient and the surgeon must approach pho- 
nomicrosurgery collaboratively so that there is mu- 
tual responsibility for the decision to operate. 


5. Vocal nodules can be treated successfully with 
phonomicrosurgery as part of a comprehensive man- 
agement protocol. 
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